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ÜRDÜN’DE İKLİM DEĞİŞKENLİĞİ 
ÖZET 
Ürdün’de klimatolojik değişkenlerin istatistiksel momentlerinin incelenmesi ve iklim 
değişikliğinin araştırılması için farklı iklim bölgelerini temsil eden 16 meteorolojik 
istasyon seçilmiştir. Bu çalışmada öncelikle yağış, maksimum sıcaklık, minimum 
sıcaklık ve bağıl nem gibi klimatolojik değişkenlerin ortalama, standart sapma, 
değişkenlik katsayısı, çarpıklık (skewness) ve sivrilik-basıklık (kurtosis) gibi 
istatistiksel momentleri hesaplanmış, tartışılmış ve kontur haritaları Kriging metodu 
kullanılarak çizilmiştir. Klimatolojik değişkenlerin her birinin yıllık ve mevsimsel 
istatistiksel momentleri incelenmiştir. Ayrıca Ürdün her birinde yağışın istatistiksel 
momentlerinin sahip olduğu karakteristik özellikler hemen hemen aynı olan üç 
homojen yağış bölgesine ayrılmıştır. Klimatolojik değişkenlerin istatistiksel 
momentlerine ait özellikler şöyle tespit edilmiştir: 
Yağışla bağıl nemin değişkenlik katsayısının en küçük değerleri ülkenin kuzey batı 
kısmında olduğu görülmekle birlikte bu katsayının değerlerinin güneye ve doğuya 
doğru artmakta olduğu belirlenmiştir. Bu da “Ürdün’de kuraklık doğuya ve güneye 
doğru artmaktadır” şeklinde yorumlanmıştır. Buna benzer olarak yağışın çarpıklık ve 
sivrilik-basıklık katsayılarının güneye ve doğuya doğru arttığı görülmüştür. Bu 
katsayıların yüksek olduğu doğu ve güney bölgeleri aynı zamanda yağışta ekstrem 
değerlerin kaydedilme olasılığının da yüksek olduğu bölgelerdir. Ayrıca bu özellik 
kötü data dağılımının göstergesi olarak kullanılabilir. Öyle ki bu gibi bölgelerde 
ardışık birkaç yılda yağmur yağmayabilir, öte yandan yıllık ortalamadan daha fazla 
olan yağış birkaç saat içerisinde kaydedilebilir. Yukarıdakinin tersi olarak 
maksimum ve minimum sıcaklıklarının değişkenlik katsayılarının dağlık bölgelerde 
en büyük değerlere sahip oldukları ve güneye ve doğuya doğru azaldıkları tespit 
edilmiştir. Bu sonuç kurak bölgelerde sıcaklığın kararlılığını ve monotonluğunu 
yansıtmaktadır ve dağlık bölgelerde sıcaklığın değişkenliğini ve ekstrem değer 
kaydetme olasılığının yüksek olduğunu göstermektedir. 
 Bu çalışmada kullanılan verilerin homojenliğini incelemek amacıyla Runs (Swed-
Eisenhart) homojenlik testi yağışın, maksimum sıcaklığın ve minimum sıcaklığın 
yıllık ve aylık zaman serilerine uygulanmıştır. Sonuç olarak yağışın yıllık ve aylık 
zaman serilerinin 95% güvenlik derecesiyle homojen olduğu bulunmuştur. Ayrıca 
maksimum ve minimum sıcaklıklarının yıllık zaman serilerinin 90% güvenlik 
derecesiyle homojen olduğu ortaya çıkmıştır. Bununla birlikte, sıcaklığın aylık 
verilerinde bazı aylarda (özellikle yaz mevsiminde) birkaç istasyonda heterojenliğe 
rastlanmıştır.  
Homojenlik testini takiben zaman serilerindeki trendi tespit etmek amacıyla lineer 
trend ve Mann-Kendall rank testleri de klimatolojik zaman serilerine uygulanmıştır. 
Ayrıca Mann-Kendall rank testi, maksimum sıcaklık, minimum sıcaklık, günlük 
sıcaklık farkı ve yağışın kendi zaman serilerine ilaveten, mean, değişkenlik katsayısı, 
çarpıklık ve sivrilik-basıklık gibi istatistiksel momentlerinin zaman serilerine 
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uygulanmıştır. İncelemelerin sonucunda istatistiksel anlamda önemli bazı trend ve 
iklim değişiklerinin ortaya çıktığı bulunmuştur. Bunların en önemlisi: 
Ürdün’de maksimum sıcaklıkta önemli olmayan küçük bir oranda ısınma trendi, 
fakat minimum sıcaklıkta 99% güven seviyesinde önemli ve daha büyük oranda 
ısınma trendi bulunmuştur. Buna bağlı olarak günlük gece ve gündüz arasındaki 
sıcaklık farkında çok belirgin bir azalma tespit edilmiştir.  
Yağışın zaman serilerinde genel olarak istatistiksel anlamda önem taşımayan azalma 
trendleri görülmekte, ancak ilkbahardaki yağışın zaman serilerinde bazı istasyonlarda 
önemli artma trendlerine rastlanmıştır. 
Standart sapma ve değişkenlik katsayısı, maksimum ve minimum sıcaklıklarda 
belirgin bir artma, günlük sıcaklık farkında belirgin bir azalma, yağıştaysa önemli 
olmayan genel bir azalma göstermişlerdir. 
Klimatolojik değişkenlerin hiç birinin çarpıklık ve sivrilik-basıklık katsayılarına ait 
zaman serilerinde istatistiksel önemli bir trende rastlanmamıştır. 
İklim değişikliği bakımından zaman serilerinin iki önemli ısınma periyodu 
belirlenmiştir. Birinci periyot 1970’li yılların başında başlayan ısınma periyodu ki bu 
periyotta maksimum sıcaklığın küçük oranla ve minimum sıcaklığın büyük bir oranla 
arttığı ve sıcaklık farkının da azaldığı acık bir şekilde görülmektedir. İkinci ısınma 
periyodu ise 1992 den sonra başlayan maksimumla minimum sıcaklıkların artması ve 
sıcaklık farkının azalmasıyla birlikte yağışın azaldığı da ortaya çıkmıştır. 
Bu gibi değişiklikler kısmen de olsa şehirleşme ve ısı adası etkisi, aerosol ve sera 
gazları etkisi ve çölleşmeyle açıklanabilir. Ancak doğal iklim değişikliğindeki 
salınımlar, gözlenen değişiklik kadar büyük olabilir. Bu çalışmada kullandığımız 
Ürdün klimatolojik zaman serileri bunun gerçek ve uzun zamanlı bir iklim değişikliği 
olduğunu belirlemek için kısa olabilir. Ancak serilerin davranışını ve son zamandaki 
iklim değişikliğinin belirtisini tayin etmek için yeterli olabilir. 
Bu çalışmanın sonuçları, trend ve iklim değişikliği, su kaynakları ve su yönetimi, 
tarımsal ve endüstriyel planlama, inşaat ve şehir planlama projeleri ve klimatolojik 
ve meteorolojik çalışmalar için faydalı bir kaynak ve yol gösterici olabilir.      
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CLIMATE VARIABILITY IN JORDAN 
SUMMARY 
Sixteen representative meteorological stations are chosen for the study of statistical 
moments and climate change investigations in Jordan. In this thesis statistical 
moments such as mean, standard deviation, coefficient of variation, skewness and 
kurtosis of precipitation, relative humidity, maximum temperature and minimum 
temperature have been calculated, discussed and illustrated in maps using Kriging 
method. The yearly and seasonal spatial and temporal variation of each statistical 
moment of the climatological variables are discussed and consequently the country 
has been divided into three homogeneous precipitation regions, where the statistical 
moments of precipitation have the same characteristic properties. 
Coefficient of variation of precipitation and relative humidity increases toward east 
and south. This is tantamount saying the aridity in Jordan increases from west to east 
and from north to south. Skewness and kurtosis coefficients of precipitation and 
relative humidity are also increasing eastward and southward where extreme record 
probability is greater and the bad distribution of the data is evidence. The coefficient 
of variation of maximum and minimum temperatures is maximum in the northern 
heights and decreasing to the south and to the east. This reflects the persistence in 
temperatures in the desert area and Jordan Valley, and the great variability in the 
mountainous area because of its proximity to the cyclone systems tracks.  
In this study, Runs (Swed-Eisenhart) homogeneity test is applied to precipitation, 
maximum temperature and minimum temperature yearly and monthly time series of 
the 16 stations. The result is rather satisfactory, the yearly and monthly precipitation 
data are considered homogeneous at 95% confidence level. While the yearly 
maximum and minimum temperature time series are considered homogeneous at 
90% confidence level with some heterogeneity in individual months in few stations 
especially in summer months. 
Consequent to the homogeneity testing the linear trend test and the sequential version 
of the Mann-Kendall rank trend test have been applied to the data in order to detect 
any trend or climate change in the country. And as a new approach the sequential 
version of the Mann-Kendall rank trend test has been applied to the inter-annual 
mean, coefficient of variation, skewness and kurtosis of maximum temperature, 
minimum temperature, diurnal temperature range and precipitation time series. The 
results are given in the following sequence: 
With 99% confidence we can say that maximum temperature is warming in a small 
rate but minimum temperature is significantly warming in a higher rate and the daily 
temperature range reveals an obvious decreasing trend.  
A general decreasing trend in yearly and seasonal precipitation has been detected, but 
it is insignificant. An exceptional significant increasing trend has been detected in 
spring season. 
 xiv 
 
Two spells have been recognized in the time series: the first spell have started in the 
early 1970’s with a warming trend in maximum temperature and farther warming in 
minimum temperature resulting in a decreasing trend in the diurnal temperature 
range. The second spell is the last decade of the 20
th
 century beyond the year 1992. 
In this spell maximum and minimum temperatures are warming and diurnal 
temperature range is decreasing associated with a slight decrease in precipitation. 
The coefficient of variation of maximum and minimum temperatures reveals obvious 
increasing trends in the majority of the stations while they exhibit an apparent 
decreasing trend in diurnal temperature range and a general but not significant 
decreasing trend in precipitation has been detected. Skewness and kurtosis of all 
climatological variables have no significant trends.   
Urbanization and heat island effect, aerosols and greenhouse gases, overgrazing and 
desertification might be an explanation of the above changes. But in fact the natural 
variability of climate could be as large as the changes have been actually observed. 
In the case of Jordan the data time series are usually too short to define a definite 
long-term climatic trend. But it might be sufficient to detect a signal of the recent 
variability and to define the series behaviors.  
The results of this study might be a good guidance and a valuable reference to 
climate change and trend studies, water management, agricultural and industrial 
planning, constructions and city planning projects as much as to various 
climatological and meteorological researches.                          
 
 1 
CHAPTER ONE 
INTRODUCTION 
The arid climatic nature of the country, the remarkable length of the dry season and 
the insufficient precipitation amounts, in addition to the excessive population growth 
due to the successive immigrations from neighbouring countries mainly Palestine, 
Lebanon, Syria Iraq and Kuwait increased the fresh water demand to very high 
levels, especially in the last three decades and water scarcity became a terrible crises 
in Jordan. The climate change scenarios expect a reduction of precipitation about 20 
– 25% in the dry season (April – September) and 10 – 15% in wintertime with 
temperature decrease about 1.5°C in Jordan during the current half of the century 
(Ragab and Prudhomme, 2002). In the light of increasing population growth and 
continuous depletion of the available water resources in a country located at the 
fringe of the desert, the studies of climatology and climate change are thus important.  
Global surface temperature has increased by about 0.3 – 0.6°C since the late 19th 
century and about 0.2 – 0.3°C over the last 40 years in the 20th century (Houghton et 
al., 1995). The recent warming has been greatest over the continents between 40°N 
and 70°N. Temperature range has decreased globally in the second half of the 20th 
century (Houghton et al., 1992). Because nights have been warmed more than days, 
minimum temperature increase has been about twice that in maximum temperature. 
There has been a small positive (1%) global trend in precipitation over land during 
the 20
th
 century. Although precipitation has been relatively low since about 1980. 
Precipitation has increased over lands in high latitudes in the northern hemisphere 
(NH) especially during the cold season, concomitant with temperature increases.  
In regional scale climatic studies and climate variability investigations using local 
and regional long-term temperature and precipitation records are thus important. 
Analysing trends of climatic elements and assessing their statistical significance are 
fundamental tools in the detection of climate change. However the locality is also 
important in climate change investigations. Many researchers compute trends from 
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daily, monthly, seasonal or annual means in particular stations owing to detect 
domestic or regional climate change. Not only the occurrence of climate change, but 
also the conditions that create climate change and the reasons of its occurrence are 
very important to a climatologist. Moreover estimation of the future climate situation 
is thus important. This can be achieved by constructing models to produce climate 
change scenarios. 
Climate change studies were restricted to North America, Europe and Australia in the 
near past because of the availability of the data. But recently such studies began to 
take place regionally and locally in most of the globe. Some of these studies, which 
are related to the main subject of the thesis, are briefly summarized in the following 
paragraphs.  
Despite of the importance of the detailed analysis of the climatic properties in 
Jordan, previous studies discuss the subject briefly and focus mostly on synoptic 
interpretations. Very few exceptions of these are the studies of Al–Shalash (1964) 
who computed the variability of annual rainfall in Jordan for 85 rainfall stations for a 
ten years period 1952 – 1962. In another study Shehadeh (1976) calculated the 
coefficient of variation and skewness coefficient of rainfall for 112 rainfall stations 
in Jordan for a twenty years period between 1952-1974. He found that many records 
have zero skewness, many other records are very slightly and insignificantly 
positively skewed and very few records have significant skewness. In both studies 
above, the study periods are relatively short and most of the stations that used are 
rain gauges located in various establishments such as schools, governmental 
departments or police stations not permanent meteorological stations that have more 
accurate and trustable records. Moreover a lack of researches that discuss 
precipitation statistical moments is a truth, but studies that analyse the statistical 
moments of other climatic elements in Jordan are completely absent. According to 
McDonald (1956), Hershfield (1962), Sharon (1965) and Shehadeh (1976) the 
frequency distribution of annual rainfall is always close to the normal distribution 
even in the driest deserts in the world. However in this study neither zero nor 
negative skewness coefficients have been found. All stations have skewness 
coefficient values that range between 0.3 and 2.2. Ghanim (1996) calculated the 
coefficient of variation of annual rainfall in eight stations located in the arid and 
semiarid lands of Jordan.  
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Karl et al. (1993) analysed monthly mean maximum and minimum temperatures 
from countries comprising 37% of the global landmass. Over the period 1951 – 1990 
minimum temperature increased by 0.84°C compared to only 0.28°C increase in 
maximum temperatures. And average temperature 0.56°C compared to 0.33°C 
estimated for the entire world over the same period of time.  
Nizamuddin (1995) discussed the spatial and temporal variability of precipitation 
during the northeast and southwest monsoons, which the Indian subcontinent 
experiences. The monthly and seasonal analyses detect some areas of great 
variability and extreme rainfall occurrences that lead to flood disasters. 
In another study principal component analysis (PCA) is applied to monthly rainfall 
records of 30 years (1961 – 1990) to delineate the rain gauge network of Tanzania 
into 15 homogeneous groups (Basalirwa et al., 1999). 
Cohen and Stunhill (1996) studied the climate change in Jordan Valley by analysing 
the daily records of maximum and minimum temperatures, rainfall and global 
irradiance at three stations located in the northern, central and southern parts of the 
Israeli side of the valley. They found no significant trends in annual rainfall. 
Maximum temperature and diurnal temperature range have decreased significantly in 
the three stations, while trends in minimum temperature were not consistent and not 
always significant.    
It is essential to understand variability of climate on time scale of decades to 
centuries to assign reasonable probability to events like prolonged drought. Touchan 
et al. (1999) studied climate change beyond the short period covered by the 
instrumental data, by reconstructing October – May precipitation from tree ring 
chronology in southern Jordan to gain a long-term (1600 – 1995,  396 years) 
perspective on runs of dry years and time series fluctuations in precipitation averaged 
over several years. They found that the longest reconstructed drought, as defined by 
consecutive years below a threshold of 217.4 mm was four years, compared with 
three years for the 1946 – 1995 instrumental data. 
Vulnerability and adaptation to climate change in Jordan (UNDP, 1999) is one of the 
comprehensive studies which investigate climate and climate change, environment, 
water resources, housing and settlement constructions, economy, agricultural and 
industrial issues. This project has been executed to the General Corporation for 
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Environmental Protection (GCEP) and United Nations Development Program 
(UNDP). In the section related to climate change six stations are chosen to study 
their trend (Abandeh, 1999), three of them are also chosen to study their trends in the 
third chapter of the thesis. The trends exhibit an increase around 2°C in minimum 
temperature and a decrease around 1°C in maximum temperature at Amman. Here 
greenhouse gases are considered warming gases and affect minimum temperature, 
while SO2 is considered a cooling gas that affects maximum temperature. In Irbed 
there is an obvious decreasing in maximum temperature and a slight increase in 
minimum temperature. In Aqaba there is a clear decreasing trend in maximum 
temperature while no trend has been detected in minimum temperature. There is no 
noticeable trend in Amman and Irbed rainfall time series but there is a slight decrease 
in Aqaba rainfall trend. The selected six stations show a general increase in 
temperature beyond 1970 and a slight decrease in precipitation beyond the rain 
season 1970/1971. 
Hasanean (2001) investigated the trends and periodicity of surface air temperature 
series from eight meteorological stations in the east Mediterranean using different 
correlation tests. Time series were over 100 years length in four stations and over 50 
years length in the other four stations. He found a significant positive trend at 99% 
confidence in Malta, Jerusalem and Tripoli, and negative trend at 95% confidence 
level in Amman. 
In this study the number of investigated station had been increased more than in the 
previous studies to represent all the topographic and climatic regions and to cover as 
larger as possible of the country‟s area. As a new technique the sequential version of 
the Mann-Kendall rank trend test has been applied not only to the time series 
themselves but also to their statistical moments in order to detect variability in the 
climatological variables and in their statistical moments.  
In chapter two of this study statistical moments such as mean, coefficient of 
variation, skewness and kurtosis have been calculated and illustrated in yearly and 
seasonal manner for various climatic elements, namely rainfall amount, relative 
humidity, maximum temperature and minimum temperature. These properties are 
determined over a thirty years normal (1971 – 2000) in sixteen observation stations 
that represent the whole country, and consequently the kingdom is divided into three 
homogenous rainfall regions. 
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In chapter three of this study the homogeneity of the monthly and yearly time series 
of precipitation, maximum and minimum temperatures have been tested by the Runs 
(Swed – Eisenhart) test. Linear trend and the sequential version of the Mann-Kendall 
trend tests are applied to the time series of precipitation, maximum temperature, 
minimum temperature and daily temperature range and to their inter-annual 
statistical moments (mainly mean, coefficient of variation, skewness and kurtosis) to 
detect any variability over a long period of time. Linear and Mann-Kendall trends of 
selected seven stations represent the entire country are illustrated in seasonal and 
annual manner. The seasonal and yearly Mann-Kendall statistics of the 16 stations 
are also illustrated in maps using Kriging method in order to discuss the spatial and 
temporal distribution of the trends. The purpose of these investigations is the 
assessment of probable trends in time series and detection of vulnerability of the 
country to climate change.  
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CHAPTER TWO 
YEARLY AND SEASONAL STATISTICAL MOMENTS OF VARIOUS 
CLIMATOLOGICAL VARIABLES 
Jordan is located about 80 km to the East of the Mediterranean Sea, between 29°10‟- 
33°45‟N and 34°55‟–39°20‟E with an area of 89329 km2 and population of 4,5 
millions. The country has a unique topographic nature that might not be found 
anywhere else (Fig. 2.1). The Western part of the country is the world lowest valley 
that lies North – South between two mountain ranges with a length of about 400 km 
and a width varies from 10 km in the North to 30 km in the South and elevation 
between 170 – 400 m below Mean Sea Level. Jordan river passes through this valley 
from north to south down to the Dead Sea and comprises approximately one third of 
the border between Jordan and Palestinian territories and Israel. Jordan River is the 
main source of irrigation in Jordan Valley. Because of its warm climate in winter and 
the availability of irrigation water, the valley is considered as the vegetable and fruits 
especially citrus fruits basket of Jordan. Just to the east of the Jordan Valley the 
North – South mountain range reaches about 1150 m above MSL in the Northern 
parts and about 1500 m above MSL in the Southern parts of the kingdom having a 
highest peak of 1854 m in the extreme Southern region. More than 80% of human 
settlement of Jordan lives in this region.  To the East of this mountain range a semi 
desert plateau extends to cover approximately 80% of the total area of the country. 
According to Ghanim (1997) most of Jordan (90%) is arid and semi arid areas that 
characterised by remarkable rainfall variation with total annual rainfall averages less 
than 200 mm. 
2.1. DATA DESCRIPTION AND ANALYSIS      
Among nearly 40 observation stations of Jordan Meteorological Department 16 
stations (Table A.1) are chosen to study their precipitation moments taking in 
consideration their best representationallity of the different topography and climatic 
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regions. Temperature time series in Ras Muneef is less than 30 years, therefore only 
its rainfall time series with 40 years length has been included to the analysis. The 
remainder 15 stations are scattered all over the country and represent the various 
climatic regions in the kingdom. Their precipitation and temperature record lengths 
vary between 33 and 78 years (Tab. A.1). The locations and elevations of  the 
selected stations are shown in Fig. B.1. The drastic tightening in contours in the 
Western band clearly illustrates the big difference in elevation between Jordan 
Valley and the adjacent mountainous region as shown in Fig. 2.1. 
 
Figure 2.1: Topographic map of Jordan (The Royal Jordanian Geographic Centre). 
 
 8 
This topography variability plays an important role in the rainfall distribution, 
temperature patterns and even in humidity properties and consequently in the 
classification of climatic regimes of the country. 
The year is divided into four seasons as follows: winter season (December of a 
particular year, January and February of the next year), spring season (March, April 
and May), summer season (June, July and August) and fall season (September, 
October and November).  
2.1.1. Data Homogeneity  
It is very important to test the homogeneity of the time series before applying any 
statistical calculation or any trend test. Otherwise spurious trends may appear, which 
can lead to greater mistakes in various dimensions, especially in the issues those 
depend on climate and/or climate variability. The randomness or uncertainties in 
time series arise from one or more of the followings: Mistakes in the observation or 
recording process, missing data in the time series, changes in the location of the 
observation station or changes in the instruments. Many researchers treat such a 
problem by eliminating the stations that have changed location or those have 
irregular data from their studies (Rodhe and Virji, 1976; Kadıoğlu, 1997; Ben Gai et 
al., 1999; Kadıoğlu and Aslan, 2000). Karl and Williams (1987) studied the 
discontinuous inhomogeneity of the time series by comparing the data of a particular 
station to another one that has a great similarity in weather conditions by calculating 
the ratio of rainfall and differences in temperature between the two stations. They 
consider it as absolute homogeneity when the data have compared to a third station 
having the same climatological characteristics. Aesawy and Hasanean (1998) applied 
the short-cut Bartlet test to examine the homogeneity in seasonal and annual 
temperature time series in six stations in the southern Mediterranean, where Amman 
was one of these stations. They found that the major part of the time series examined 
seem to be homogeneous. Some exceptions of homogeneity were found for Alger 
and Amman, especially in springtime series. Although the data have not been 
excluded and have been used in the sequential Mann-Kendall trend test. The results 
of Mann-Kendall trend test that they have introduced for Amman are matching with 
those that have been found in this study.         
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The data that are used in this study are subject to quality control procedures in the 
climate division of Jordan Meteorological Department (JMD). A comparison is made 
between the suspicious data of a particular station and the data of a neighboring one 
or more stations having the same climatological characteristics, taking the history of 
the station in consideration. Despite of the persuasive history of the selected stations 
in this study, and of the satisfactory common sense about the homogeneity of the 
data, the runs test for randomness is applied to the monthly and yearly data of 
precipitation, maximum temperature and minimum temperature of all the stations. 
The Runs test (which is also called Swed-Eisenhart test) can be easily summarized in 
the following sequence (Neave and Worthington, 1992): 
i. A comparison between each datum and the mean value of the time series 
is simply called a „run‟ and  
                    T = total number of runs. 
ii. In order to use the table of critical values, the numbers 
1
n of positive 
( 0 
i
n ) and 
2
n  negative ( 0 
i
n ) signs respectively should be 
considered. 
iii. Since it is very low or very high of T that lead us to reject, the critical 
regions are of the form: 
                    T   lower critical value               
                          T   upper critical value 
                  The lower and upper critical values can be calculated as follows: 
T
2
1
  z
L
                                                (3.1) 
                            T 
U
2
1
  z                                               (3.2) 
                  Where: 
                            z = 1.96 for 95% confidence and 
                             z = 2.54 for 90% confidence. 
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                             N: is the number of the data.  
                 
In general lower and upper limits are given in statistical tables where 95%   
                  confidence corresponds to a z value equals to   1.96 and 90% confidence 
                  corresponds to a z value equals to   2.54. If r is the run number then the 
                  test value z can be calculated by the following formula: 
                             



r
z                                                    (3.5)  
iv. As a result a run value z within the range  1.96 (  2.54) represents a 
homogeneous time series with 95% (90%) confidence. And vise versa a 
run value z out of the range  1.96 (  2.54) represents an inhomogeneous 
time series with 95% (90%) confidence.  
The values of the Runs homogeneity test have been calculated for monthly and 
yearly precipitation, maximum and minimum temperature data of all stations and the 
results are summarized in Tables A.2 – A.4 respectively.  
Table A.2 shows that all stations fulfill the 90% confidence level of yearly rainfall 
homogeneity except Jordan University with run value z = 2.69. This station is 
located in the middle of the capital city Amman and it is one of the highest stations in 
the central part of Jordan (980 m above MSL). It is also has the greatest rainfall 
amount in the region (around 500 mm). Since the location of the station and the 
instruments had not been changed, the extreme values that the station experiences 
may affect the distribution of the data within the time series and may show a spurious 
inhomogeneity. For example: the period 1955 – 1965 in Jordan University 
precipitation time series looks like a jump (Fig. B.32), the same jump is also existent 
in Irbed and Amman Airport homogeneous precipitation time series (Fig. B.28 and 
B.30) respectively. In general the yearly and monthly rainfall data are homogeneous. 
 11 
Few individual months, mainly September and October in some stations are 
exceptional. Because these two months may experience no rain in successive several 
years and receive great amounts of precipitation in other successive several years and 
probably frequent extreme values may affect the run number in the test and 
consequently the decision whether to consider the time series homogeneous or not. 
Runs test values of monthly and annual maximum and minimum temperatures are 
shown in Tab. A.3 and Tab. A.4 respectively. It is obvious from the tables that many 
stations show great randomness in monthly time series in the summer months, this 
may be explained by the extreme temperature values that frequently recorded in 
summer months in successive several years which may be understood as a jump. 
Furthermore the summer months mainly June, July and August maximum and 
minimum temperatures have shown an apparent increase. This logical increase is 
identical to the global and regional warming that has been observed recently 
(Houghton et. al, 1992).  But fewer stations show relatively great values in both 
maximum and minimum annual temperatures. This randomness can be explained by 
the warm and cold spells that last for a remarkable part of the time series may be 
years or decades. For example: The period 1965 – 1991 in Irbed and Amman Airport 
inhomogeneous maximum temperature time series is almost below the mean and 
looks like a jump (Fig. B.28 and B.30) respectively, the same jump is obvious in the 
homogeneous Jordan University maximum temperature time series (Fig. B.32). 
Finally the homogeneity test has detected a few inhomogeneous stations. But these 
stations have not been excluded from the study because of their satisfactory history 
and persuasive data quality in addition to the variability of the data over a long 
period of time within the time series, which is one of the main purposes of the study.  
2.1.2. Data Analysis 
The coefficient of variation (CV) is defined as the standard deviation (SD) divided 
by the arithmetic mean value multiplied by 100: 
100
M
SD
CV                                                 (2.1)  
Where:  
M  : is the mean value of the related climatic element. 
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The coefficient of variation is a measure of the variation in a parameter. In other 
words, it is a measure of the stability of the parameter during the time interval under 
consideration. Consequently, a small coefficient of variation of annual precipitation 
as example indicates the persistency of precipitation occurrences during the year. 
While high coefficient of variation values indicate the unstable precipitation 
occurrences with greater deviation in the precipitation distribution during the year. 
 According to Hann (1977), White (1980), Bayazıt (1981) and Storck and Zwiers 
(1999) the central statistical moments from the k ‟th order is given by this formula:                                
                          m k  = 
 


N
i
k
N
xx
1
                                             (2.2) 
Where: 
i
x : is the i‟th observation datum. 
x : is the mean value and 
N: is the number of the observations. 
The skewness coefficient can be defined as: 
                         
  23
2
3
3
m
m
a                                                      (2.3) 
The skewness coefficient is a third order statistical moment that indicates the 
departure of the data distribution from the normal distribution. Accordingly the 
skewness coefficient of the typical symmetric distribution is zero. But if the 
distribution has a longer wing extends toward the larger values of the data, then it has 
a positive skewness (Fig. 2.2a). And vice versa if the distribution has a longer wing 
extends toward the lower values of the data, then it has a negative skewness 
(Fig.2.2b). 
    f(x)                           f(x)                              f(x)                           f(x) 
                          (a)                           (b)                            (c)                                (d)   
 
                        
                                 x                               x                                  x                               x 
Fig. 2.2: Shapes of distribution with positive and negative skewness and kurtosis.     
           a: + skewness, b: - skewness, c: + kurtosis, d: - kurtosis.     
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The kurtosis coefficient is a fourth order statistical moment. It is given by the 
following formula: 
                          
 2
2
4
4
m
m
a                                                       (2.4) 
The kurtosis coefficient value of the typical symmetric distribution is 3  (White, 
1980; Kadıoğlu and Erdun, 1994). But if the distribution central part has a narrow 
shape with a sharp peak, which means that the distribution has a relatively greater 
concentration of probability near the mean than does the normal, the kurtosis 
coefficient is greater than 3 and the distribution is said to be leptokurtic (Fig. 2.2c). 
And vice versa if the data distribution is compressed and has a large central region 
that is flatter than the typical symmetric distribution with the same mean and 
variance, which means that the distribution has a relatively smaller concentration of 
probability near the mean than does the normal, then the kurtosis coefficient is less 
than 3 and the distribution is said to be platykurtic (Fig. 2.2d). 
2.2. DISCUSSION 
2.2.1. STATISTICAL MOMENTS OF PRECIPITATION 
2.2.1.1. Statistical moments of yearly precipitation 
Fig. B.2 apparently shows that the northwestern part of Jordan has the greatest 
annual rainfall amount. The greatest value is 572.5 mm in Ras Muneef the highest 
station in the northern region. Then the total rainfall amounts decreases eastward and 
southward to reach its minimum value in the extreme southern parts, 32.5 mm in 
Aqaba, and southeastern parts, 33.4 mm in Jafr. In spite of the higher elevations in 
the southern region, rainfall amounts are less than the lower northern heights. A good 
example for that is Shoubak, the station is elevated at 1365 m above Mean Sea Level 
(MSL) and its annual total rainfall amount is only 287.9 mm. While the elevations of 
the northern region are below 1150 m and it has annual rainfall amount more than 
400 mm and reaches to 572.5 in Ras Muneef. This great difference in precipitation 
can be explained by the track and location of cyclonic systems (the main source of 
rainfall over Jordan especially in winter); when frontal depressions affect the region 
westerly sea tracked moist air penetrates the northern heights causing precipitation, 
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while westerly Sina desert tracked dry air penetrates the southern heights causing no 
rain. But if the main flow is northwesterly both areas have lots of precipitation. 
Fig. B.2 also shows that the coefficient of variation is minimum in the extreme north; 
it is 27% in Irbed. Then it increases toward east and south. It is lower than 40% in 
the northern, central and southern heights, and over than 50% in the arid eastern and 
southern parts of Jordan. The highest CV value is 70% in Aqaba. The lower CV 
values are dominant in areas those are more exposed to frontal depressions passing 
through the northeastern Mediterranean Sea during winter season causing 
comparatively stable successive precipitation occurrences. In the other hand southern 
and eastern parts of the country are more exposed to local instability conditions than 
synoptic scale precipitation events. In some cases rainfall too much greater than the 
annual average may occur in few hours, while in other cases no rain or a very little 
amount of rain may be recorded during successive few years.  
The yearly skewness coefficient shows positive values in all stations (Fig. B.2). In 
most stations it is less than 1.6, which means that the rainfall distribution in these 
stations is closed to the typical symmetric distribution. High skewness values take 
place in the eastern and southern parts of the country. In these stations such as 
Ruwaished, Jafr and Safawi the mean annual rainfall is less than 80 mm, so that 
extreme values are frequently recorded particularly in heavy rain showers caused by 
instability conditions. Accordingly the high positive skewness values are considered 
as a good indication to the occurrence and prediction of extreme values. 
Negative or low kurtosis values are found in areas of near-zero skewness and larger 
variance. High positive kurtosis values tend to coincide with strongly positive 
skewness values (Fig. B.2), Jordan university and Ruwaished are good examples. 
Kurtosis has been used as a good indicator to the bad data distribution (Craddock and 
Flood 1969). This statement describes well the observed data of some stations in the 
eastern and southern region (Ruwaished is a good example).  
2.2.1.2. Seasonal statistical moments of precipitation 
There is no fixed sharp beginnings and ends for seasons in Jordan. It is probable to 
experience short spring and fall seasons of two months or less for each, and longer 
winter and summer of four months or more for each. In this study the year is 
meteorologically divided into four seasons with three months for each as mentioned 
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in Section 2.1. To obtain complete 30 years and 120 seasons we started from 
1970/1971 winter season as: December 1970, January and February 1971, and 
similarly in the following years up to the end of autumn season (September, October 
and November) of the year 2000. 
Figures B.3 – B.6 show the spatial distribution of seasonal average rainfall amount, 
seasonal coefficient of variation, seasonal skewness and kurtosis coefficients for 
winter, spring, summer and autumn seasons respectively. 60% of the total annual rain 
is observed in winter, while 24% and 16% are recorded in spring and fall 
respectively and approximately no rain has been observed in summer. Shoubak 
station, which has the highest elevation among the 16 stations (1365 m above MSL), 
has the greatest winter percentage (65%) and the lowest fall percentage (9%). This 
result is very important for farmers to prepare their lands to winter agricultural 
season a little bit later. However farmers in Jordan usually prepare their lands in the 
late September or early October. Both of Ruwaished in the extreme east and Jafr in 
southeastern part have only 47% in winter and 27% and 26% in spring and fall 
respectively. These two areas are the most exposed to instability conditions that 
dominate in spring and fall seasons due to the extension of the thermal Red Sea 
trough. 
In winter season the coefficient of variation values are relatively large in all stations 
(Fig. B.3). It is 66% - 82% in the high lands and more than 100% in all the arid lands 
with extreme value of 174% in Aqaba. By definition the great differences in CV are 
attributed to the great decreasing gradient in mean rainfall and to the great increasing 
gradient in standard deviation from northwest to the southern and eastern parts of the 
kingdom. Skewness and kurtosis coefficients are coincident with coefficient of 
variation as much as with each other. Fig. B.3 emphasizes the great similarity of 
winter rainfall distribution to the symmetric normal distribution in the northwestern 
region of Jordan. While southern and eastern parts have a large departure from the 
symmetric normal distribution. Such variation can be explained by the extreme 
records of rainfall in a very short period of time or by the cessation of rainfall for 
successive few winter seasons. 
The seasonal rainfall amount of spring (Fig. B.4) is approximately double the rainfall 
amount of autumn (Fig. B.6). The standard deviation of autumn is larger than that of 
spring. Accordingly larger coefficient of variation, skewness and kurtosis coefficient 
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values have been found in autumn season. Great values of coefficient of variation 
such as 200% or 300% or more indicate a remarkable inter-annual variation in 
precipitation all over the country. 
The summer season has an exceptional case because it has less than 0.1% of the 
annual rainfall that may be recorded in a very short time like minutes or hours with 
no rain along the rest of the season. This creates very large but physically 
meaningless CV, skewness and kurtosis values (Fig. B.5) depending on extreme 
records with bad temporal distribution. 
In the light of the detailed investigations and illustrations of the precipitation 
statistical moments in Jordan, the country can be easily divided into three obvious 
homogenous precipitation regions (Fig. B.22): 
(i) The northern region, which includes the northern heights, western Amman, 
Irbid and the extreme northern Jordan Valley (Baqura). This region has 
negative or low kurtosis and near zero skewness values, with precipitation 
distribution similar to the normal distribution. The total annual rainfall 
amount in this region is 400 – 600 mm. The seasonal rainfall distribution is 
63%, 23%, and 14% in winter, spring and fall respectively. 
(ii) The second region includes the central part of Jordan (Amman), the southern 
heights (Shoubak and Rabba), the northern Jordan Valley (Deir Alla). This 
region has negative or low kurtosis and low skewness values, with 
precipitation distribution close to the normal distribution and a temporal 
rainfall distribution of 63%, 24%, and 12% in winter, spring and fall 
respectively. But this region has a total rainfall amount between 250 – 350 
mm. However it may be appropriate to consider these two regions as one 
major region with a remarkable rainfall gradient. 
(iii) The third region consists of the lower locations among and besides the 
northern and southern heights (QAIA,Wadi Duleil and Mafraq), the eastern 
parts (Safawi and Ruwaished), southern and southeastern parts (Ma‟an and 
Jafr) and southern Jordan Valley that extends to Aqaba. This region has high 
positive skewness and kurtosis values, with a large departure from the normal 
distribution. The seasonal rainfall distribution is 54%, 25% and 21% in 
winter, spring and fall seasons respectively. The total annual rainfall amount 
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in this region varies from 140 – 170 mm in the central west to 70 – 90 mm in 
the east to 30 – 50 in the south. 
2.2.2. STATISTICAL MOMENTS OF RELATIVE HUMIDITY 
The location of Jordan at the fringe of the desert from east and south, and its 
proximity to large water bodies (such as the Mediterranean Sea, Dead Sea and lake 
Kinneret) from west and northwest play the main role in the identification of the 
moisture regime. Different air masses associated to the synoptic systems those 
dominate the area in different seasons play the second main role in the moisture 
distribution over the country. Simply the source and the track of the air mass and 
consequently the wind direction identify the quantity of moisture at a particular 
station. 
2.2.2.1. Yearly moments of relative humidity   
Fig. B.7 apparently shows that the mean annual relative humidity (RH) decreases 
from northwest to south and east. It ranges between 47% and 65%. It is 65%, 64% 
and 60% in Baqura, Ras Muneef and Irbed respectively in the extreme northwestern 
region. These stations are the nearest ones to the Mediterranean Sea and Lake 
Kinneret. RH values are 47% - 50% in Aqaba and southern and eastern arid lands, 
mainly Safawi, Rwaished, Jafr and Ma‟an. 
The yearly coefficient of variation is too small in all stations. It increases from 
northwest to southeast (Fig. B.7). It differs from 4% - 7% in the high northern, 
central and southern lands and in Jordan valley to 10% - 13% in the arid lands and in 
Aqaba. This small variation is a result of the inter-seasonal comparatively steady 
airflow regimes. 
Fig. B.7 also shows that both skewness and kurtosis coefficients have values near 
zero. This means that the mean annual relative humidity distribution is similar to the 
symmetric normal distribution in all stations. 
2.2.2.2. Moments of seasonal relative humidity      
Either from Mediterranean or polar origin 28 frontal depressions per year penetrate 
the eastern Mediterranean region. These depressions center over or near Cyprus then 
5 of them fill up, 10.5 depressions move toward east-northeast to northeast, 11 move 
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east and 1.5 move southeast (Meteorological Office, 1962). The majority of these 
depressions penetrate the area during winter and spring seasons. The northeastern 
parts of the kingdom are the most exposure to the cold and moist air masses those are 
usually associated to these systems. In addition the topographic nature of the area has 
an important role in determining the relative humidity at any station. Both of the 
northern and southern heights experience a mean winter relative humidity more than 
70%, increases to 76% in Ras Muneef and Queen Alia International Airport (QAIA). 
The mean winter relative humidity values differ from 61% in the central and 
southern Jordan valley to 62% - 66% in the arid lands and to 47%, which is the 
minimum value that is recorded in Aqaba (Fig. B.8).  
Among the selected sixteen stations of the study three stations have a particular 
behavior for each: 
The first one is Aqaba: In despite of the location of Aqaba on the northern shores of 
the Red Sea, it represents the driest area in the country. Because the city lies down in 
a valley between two mountain ranges extending north south, it rarely experiences 
westerly or easterly winds. Before the passage of cold fronts sometimes southerly 
Red Sea tracked relatively moist wind blows to Aqaba. Out of these cases most of 
the year northerly land tracked dry winds prevail in Aqaba. 
The second station is Queen Alia International Airport (QAIA): The station is 
located 30 Km to the south of Amman at 722 m above MSL lower than the heights to 
the north and to the south of the area of the airport. The area is open to the west and 
facing the Mediterranean and the Dead Sea. The area is considered as an arid because 
its mean annual rainfall amount is 160 mm (Fig. B.2). The prevailing wind direction 
in QAIA is westerly to southwesterly, which makes the area exposed to 
comparatively moist airflow most of the time. This is one of the factors those explain 
the remarkable frequent fog formation in QAIA especially in winter and not 
uncommon in spring and autumn. This may be a fatal mistake to construct the airport 
in this region. 
The third one is Mafraq that has the highest relative humidity. Mafraq and QAIA 
are as humid as Ras Muneef and Baqura in the northwestern region. Mafraq is 
located in the north of Jordan at 686 m above MSL at the fringe of the arid plateau 
with annual rainfall amount of 160 mm and it is relatively open to the west. 
Therefore it is commonly exposed to the northwesterly moist air. 
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The CV of winter RH (Fig. B.8) shows an eastward increase to have its highest value 
at Ruwaished, which is the farthest station from moisture sources. The coefficient of 
variation is around 10% in all stations except Ruwaished and Jordan University, it is 
35% in both stations. It may be natural for Ruwaished to have such a high coefficient 
of variation because it is located in the middle of the arid region that experiences a 
great variation in some cases. But there is no persuasive explanation to such large 
coefficient of variation of a station located in the city center of Amman except the 
large standard deviation in this station. 
The skewness coefficient of winter relative humidity is close to zero. But the 
majority of the stations have negative skewness. The pattern of kurtosis is coinciding 
with that of skewness (Fig. B.8). Both graphs show a higher relative humidity values 
concentrated near the mean, increasing toward east. 3.1 is the largest kurtosis, which 
is found at Ruwaished. 
A great similarity is apparent between patterns of the statistical moments of RH in 
spring and autumn seasons, Fig. B.9 and B.11. Both seasons can be considered as a 
transition period between winter and summer or between summer and winter. 
Therefore either frontal cyclonic systems from north and northwest or thermal 
troughs from south and southeast may affect Jordan during the two seasons. In both 
seasons relative humidity values are very closed to each other. But an increase of 
about 5% in autumn relative humidity is produced. This probably can be explained 
by the dry conditions associated to the Khamsinic depressions that usually penetrate 
the region in spring between 21 March and 10 May. In addition the extension of the 
Siberian high may influence the region in early spring and may be associated with 
dry and cold air mass. The coefficient of variation in spring is 15% - 25% in most 
stations and 37% and 39% in Jordan University and Ruwaished respectively. In 
autumn season it is little bit less than spring. It is below 20% in most of the stations. 
Because of the great standard deviation it reaches 35% and 47% in Jordan University 
and Ruwaished respectively. 
Fig. B.9 and Fig. B.11 apparently show that both spring and autumn seasons are not 
significantly skewed; the skewness coefficient is around zero and ranging between –
1 and +1. Kurtosis is increasing toward east in both seasons but in a small gradient, 
most values are less than three, ranging between –1 and 1.5, reaching 4.7 in autumn 
at Ruwaished in the extreme east.  
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Summer is the driest season of the year; relative humidity is around 50% in the 
heights decreasing to thirties in the southern and eastern parts of the country, Fig. 
B.10. Summer coefficient of variation increases toward east. And kurtosis have 
values around zero in all stations. 
2.2.3.  STATISTICAL MOMENTS OF MAXIMUM TEMPERATURE 
2.2.3.1 Moments of mean annual maximum temperature   
The mean annual maximum temperature produces a great spatial variability in Jordan 
depending on the topographic nature of the country. Two minima‟s have been 
determined (Fig. B.12); one is over the northern heights represented by Ras Muneef 
which has the lowest maximum temperature among all the stations (18.4°C), the 
second is over the southern heights represented by Shoubak; the highest station with 
a mean maximum temperature of 19.5°C. Maximum temperature is inversely 
proportional to the elevation, it varies from 20 to 23°C in other mountainous stations 
and increase to 26°C in the desert region. In Jordan valley annual maximum 
temperature increases southward and varies from 29 to 31°C. Ghor Safi the lowest 
meteorological station (350 m below MSL) is the hottest area in the country. 
A very limited temporal variability of the mean maximum temperature is apparently 
distinguished from Fig. B.12. The coefficient of variation is only 2% – 4% in all 
stations. The skewness coefficient that varies between – 0.8 and 0.4 is similar to the 
symmetric normal distribution to a great extent. The kurtosis coefficient has values 
less than three varies from – 0.7 to 1. This is tantamount to saying that the 
probability distribution has relatively smaller concentration near the mean than that 
the normal distribution has.  
2.2.3.2. Seasonal moments of maximum temperature 
Winter seasonal and annual maximum temperature patterns show a great coincident 
(Fig. B.12 and B.13). Winter maximum temperature has a characteristic increasing 
gradient from 9 – 13°C in northern and southern heights to 14 – 16°C in the desert 
area to 19 – 22°C in Jordan valley. Temperatures in Jordan valley are more than 
twice those in the mountains. This warm winter climate and the minimum variability 
that is represented by the coefficient of variation (Fig. B.13), that varies between 7% 
and 10%, in addition to the availability of irrigation water by Jordan River that 
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passes through the valley; all of these maximize the agricultural activity in the valley. 
Various kinds of vegetables and fruits especially citrus fruits and banana are 
produced in great quantities. This is tantamount to saying that the Jordan valley is the 
winter basket of fruit and vegetables of Jordan.  
Coefficient of variation of winter maximum temperature has an inversely 
characteristic with comparison to those of rainfall and relative humidity. The 
maximum values of CV (25% - 30%) are found in the southern and northern heights, 
then decreases west and eastward (19% - 21% in lower heights, 15%-16% in desert 
area and 7% - 10% in Jordan valley the less variable and most stable region). This is 
explained by the exposure of the mountainous regions more than other areas to 
cyclonic systems. Another reason is the reduced means of these regions associated 
with relatively great standard deviation that similar to other regions, which 
emphasize greater coefficient of variation in comparison to the lower stations.  
Seasonal skewness and kurtosis coefficients are close to zero in all stations, this 
implies no remarkable departure from the symmetric normal distribution. Mean 
maximum temperature in autumn is higher than that in spring by 3 – 4°C (Fig. B.14 
and B.16), because of the thermal troughs those affect the area from east and 
southeast during autumn, and the cold air masses with cyclonic systems from west 
and with the Siberian high from the northeast during spring. But in summer the main 
synoptic feature that dominates the area is the extension of the Indian Monsoon with 
hot air mass. Fig. B.15 shows very high averages of maximum temperature reach to 
38 – 39°C in Jordan valley, 35 – 37°C in desert region and reduced to 26 – 29°C in 
the mountainous region, causing a large spatial variation from west to east and south. 
But the temporal variability, which represented by the coefficient of variation, is very 
small (3% - 6% in all stations except in Ras Muneef it is 10%). 
2.2.4 STATISTICAL MOMENTS OF MINIMUM TEMPERATURE 
Minimum temperature is a very important climatic element because its deterministic 
relation to various activities. It has an agricultural importance because its relation to 
frost formation and dormancy period of plants. Minimum temperature has a great 
importance to transportation especially in airports because it is one of the factors that 
lead to radiation fog formation that frequently occurs in QAIA. Its importance to 
cooling and heating activities is deterministic too. 
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2.2.4.1. Moments of mean annual minimum temperature 
Mean annual minimum temperature differs from mean annual maximum temperature 
by having the lowest values not in the northern heights, but in southern heights and 
in some of the arid areas (Fig. B.17). Shoubak (1365 m above MSL) has the lowest 
mean annual minimum temperature (5.6°C), then Queen Alia International Airport 
(7.8°C) and Mafraq (9°C), then the northern heights and the desert area. The warmest 
region in the country is Jordan valley in which the mean annual minimum 
temperature ranges between 15.7°C in the north and 19.5°C in the southern part of 
the valley. Marvelous results of the topography distribution and consequently the 
spatial climate variability are apparently produced in very short distance. For 
example: the mean annual minimum temperature in Ghor Safi is greater than the 
mean annual maximum temperature in Ras Muneef and Shoubak and it is 3 – 4 times 
the mean annual minimum temperature in the same stations. 
Fig. B.17 shows that the least coefficient of variation is found in Jordan valley, 3% 
that is inconsiderable value. While the highest coefficient of variation value is 11% 
that clearly seen in Jordan University, QAIA and Shoubak. These stations have 
extreme values of minimum temperature and relatively higher standard deviation 
than other stations. As of other annual means, skewness and kurtosis coefficients of 
annual mean minimum temperature are around zero in all stations that indicates an 
insignificant variation in yearly means. 
2.2.4.2. Seasonal moments of minimum temperature 
Winter mean minimum temperature shows a great spatial variability. It decreases 
from 9°C – 11.5°C in Jordan valley to 2°C – 4°C in the majority of stations, to have 
a minima of – 0.9°C in Shoubak, which is the only negative value, then 1.6°C in Jafr 
that is located in the southeastern arid lands (Fig. B.18). Usually the minimum 
temperature in the arid lands or desert area is lower than that in the heights, because 
of the remarkable nocturnal radiation, which is a particular characteristic of the 
desert that is apparently seen from Fig. B.17 to B.21. 
Minimum temperature is a very important climatological variable for farmers to 
prevent their products from frost that frequently occurs in late winter or in early 
spring seasons, where minimum temperatures are near zero in several locations in the 
country.  
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The standard deviation of winter minimum temperature is between 1.3 and 1.7°C in 
all stations. But the great spatial variability of mean minimum temperature values 
produces a large coefficient variation in stations those have lower means. The 
coefficient of variation is 163% in Shoubak the only station that has a negative mean 
minimum temperature, 100%, 70% and 67% in Jafr, QAIA and Ma‟an respectively, 
30% – 58% in the heights and 10% – 16% in Jordan valley. Fig. B.19 and B.21 show 
that the coefficient variation of spring and autumn seasons almost has the same 
spatial variability, in both seasons Shoubak has the largest variation, then it decreases 
towards north and west to reach the minimum variation in Jordan valley. The 
coefficient of variation in summer is too less than that in other seasons (Fig. B.20) it 
is between 6% and 13% all over the country. 
By analyzing the seasonal skewness and kurtosis properties some comments have 
been derived. Firstly: the winter skewness coefficient is either negative or zero in all 
stations, while the kurtosis coefficient is negative or zero in all stations except in 
Shoubak that tends to record extreme values. Secondly the spring skewness values 
are between – 0.1 and 0.2 that represents a typical symmetric normal distribution, 
while the kurtosis is – 0.6 to – 1.4 and the distribution is platykurtic in all stations, 
which means that the probability distribution is less concentrated near the mean than 
normal. Thirdly in Aqaba a great kurtosis value (5.4) has been found in summer 
season, where extreme value occurrence is probable. The highest seasonal mean 
minimum temperature of summer that found in Aqaba (24.7°C) proves the above 
allegation.      
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CHAPTER THREE 
THE RECENT TRENDS AND CLIMATIC CHANGE  
INVESTIGATIONS IN JORDAN 
The continuously increasing human activities especially in the second half of the 20
th
 
century affect the composition of the atmosphere to a great extent. Emission of 
pollutants increases the concentration of the long-lived greenhouse gases in the 
atmosphere and leads to global warming (Friedly et al., 1986; Lorius et al., 1990). 
Climatic trends became the most speculated techniques to detect climate change or 
climate variability in regional and local basis (Dickinson, 1989; Balling, 1992; 
Kadıoğlu, 1997). In Jordan very few studies have discussed climatological series 
using linear trend methods (Abandeh, 1999). 
In this chapter in addition to linear trends, nonparametric sequential Mann-Kendall 
rank test is used to examine the annual and seasonal trends of precipitation, 
maximum temperature, minimum temperature and diurnal temperature range time 
series and the trends of their inter-annual statistical moments such as mean, 
coefficient of variation, skewness and kurtosis at sixteen meteorological stations in 
Jordan. 
3.1. METHODOLOGY 
Several methods of estimating trend significance have been used in climatological 
studies. Probably the most common approach is to estimate trends by linear 
regression methods as well as two-phase regression methods (Solow, 1987). Such 
parametric methods require the variable to be normally distributed and temporally 
and spatially independent (Plantico et al., 1990; Cooter and LeDuc, 1995; Huth, 
1999). To avoid disadvantages of the parametric linear regression methods, 
nonparametric methods such as the sequential Mann-Kendall rank method is 
employed (Sneyers, 1990; DeGaetano, 1996; Türkeş et al., 1996; Kadıoğlu, 1997). 
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3.1.1. Sequential version of the Mann-Kendall rank trend test 
The climatic trend is defined as a monotonic increase or decrease in the average 
value between the beginning and the end of an available time series (Olaniran, 1991). 
Therefore the linear trends are not the correct tool to detect the start of the trend. 
Among some nonparametric trend tests the sequential version of the Mann-Kendall 
rank test has the ability to detect the beginning and/or the end of the trend. The 
Mann-Kendall test is widely used for trend testing, particularly when many time 
series needed to be analyzed at the same time. It has many advantages among others: 
i. It is free from normal distribution assumptions. 
ii. It is resistant to effects of outliers and gross data errors. 
iii. It allows missing and censored data (as only ranks are used). 
iv. It also gives the point in time of the beginning of a developed trend.   
These characteristics are big advantages when analyzing for trends in many time 
series such as climatological data at multiple stations, because it is not necessary to 
screen and transform the data for normality, seasonality and serial correlation, 
however, interfere with the Mann-Kendall test either by reducing the power to detect 
trends or giving erroneous probability. The Mann-Kendall test is, therefore, directly 
applicable to climatological data for a given month or season (Kadıoğlu and Aslan, 
2000). 
In this study the time series of monthly mean precipitation, maximum temperatures, 
minimum temperatures and monthly average of daily temperature range are analyzed 
in order to identify meaningful long-term trends by making use of the Mann-Kendall 
statistics (Sneyers, 1990; Kadıoğlu, 1997; Kadıoğlu and Şaylan, 2001; Kadıoğlu et 
al., 2001). The test does not take the differences in magnitude of concentrations into 
account; it only counts the number of consecutive values where concentration 
increases or decreases compared with the value before. The null hypothesis, H0, is 
that the data (x1, …, xn) are independently identically distributed random variables. A 
possible alternative to this randomness is some form of trends. The effective 
application of which includes the following steps in sequence: 
i. The values xi of the original series are replaced by their ranks yi in 
ascending order. 
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ii. The magnitude of yi (i = 2, …, m) is compared with yj (j = 1, …, i-1). At 
each comparison the number of cases yi > yj are counted and denoted by 
ni. Here m is the size of sample.  
iii. The sum of the ranks is calculated as the test statistics variable ti, defined 
as follows:                        
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iv. The distribution of the test statistic ti, under the null hypothesis has 
            expectation and variance as:    
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v. For each of the (m-1) test statistics the sequential values of the statistics 
u (ti) are then computed as:               
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Herein, u (ti) is a standardized variable that has zero mean and unit standard 
deviation. Therefore its sequential behavior fluctuates around zero level. Furthermore 
u (ti) is a Gaussian normal variate. 
vi. Similarly the values of u‟ (ti) are computed backward starting from the 
            end of the series.  
The values  1.96 (  2) of u (ti) are statistically significant at 5% and the values 
 2.54 (  2.5) are statistically significant at 1% confidence level.   
Annual and seasonal sequential Mann-Kendall rank statistics of maximum 
temperatures, minimum temperatures, daily temperature range and precipitation time 
series are calculated at 16 stations and summarized in Tables A.5 – A.8 respectively. 
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In order to identify the spatial variation of increasing or decreasing Mann-Kendall 
statistics of the climatological variables mentioned above, the results have been 
illustrated in annual and seasonal manner in maps using Kriging techniques (Figures 
B.23 through B.27). 
Seven stations are chosen from different topographic and climatic regions to 
illustrate their sequences of u (ti) and u‟ (ti) values and to compare these statistics 
with linear trends of the same climatological variables in the same period of time  
(Figures B.28 through B.41). 
3.2. DISCUSSION        
3.2.1. Spatial variability of the sequential Mann-Kendall trend statistics 
3.2.1.1. The annual variation of Mann-Kendall trend statistics 
Fig. B.23 shows the spatial variability of the sequential Mann-Kendall trend statistics 
of annual maximum temperature, minimum temperature, diurnal temperature range 
and precipitation time series respectively. As mentioned in section 3.2.1., the values 
those are outside the range  2 are considered significant trends at 5% confidence 
level, and also the values those are outside the range  2.5 are considered significant 
trends at 1% confidence level. The sequential Mann-Kendall trend statistics of the 
above climatological variables are given in Tables A.5 through A.8. From Fig. B.23 
it is apparently seen that many stations show obvious significant warming maximum 
temperatures trends, and many other stations show cooling trends but it is significant 
at the 5% level only in Amman. Increasing greenhouse gases (mainly CO2) leads to 
increase both maximum and minimum temperatures. But SO2 is considered a cooling 
gas that decreases maximum temperature (Abandeh, 1999). Mann-Kendall trend 
statistics of annual minimum temperature show insignificant cooling trends only in 
two sites, Baqura and Rabba, while a significant warming trend is obvious in all 
other stations (Fig. B.23). The minimum temperature warming trend is significant at 
1% confidence level in many station such as Jordan University, which is located in 
the west centrum of the capital city Amman. This may be explained by the heat 
island effect due to the intense urbanization (Oke, 1973).  
Because of the remarkable increase in minimum temperature and decrease in 
maximum temperature the diurnal temperature range apparently decreases in most of 
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the stations. The trends are significant at 1% confidence level (Fig. B.23 and 
Tab.A.7). Exceptional cases appear in Baqura in the extreme northwest, Shoubak and 
Rabba in the southwestern heights; these stations show increase in maximum and 
decrease in minimum temperature resulting a significant increase in the diurnal 
temperature range. This exceptional case may require a special investigation.  
No significant trend has been noticed in the annual precipitation Mann-Kendall trend 
statistics except a decreasing trend in Shoubak of –2.2 (Fig. B.23). 
3.2.1.2. The seasonality of the Mann-Kendall trend statistics 
In winter season no significant maximum temperature trends has been found except 
in Aqaba (Fig. B.24). Increasing trends have appeared in winter minimum 
temperature at Jafr in the arid region and at Deir Alla in the Jordan Valley. General 
decreasing trends of the diurnal temperature range in winter season are obvious in 
several stations (Fig. B.24). From the same figure it is clearly seen that none of the 
stations show a significant trend in winter season precipitation. 
In spring and autumn there is a slight insignificant warming trends at some stations 
in maximum temperature. According to Henderson-Sellers (1986) the decrease of 
max temperature cannot be explained by greenhouse gases and aerosols only, but 
other factors such as the increase in precipitation results from the increase of water 
vapor and cloud cover in the atmosphere causing decrease in the sunshine duration. 
But the significant warming trends in minimum temperature are obvious at the 
majority of the stations, probably according to the recently remarkable increase of 
urbanization, heat island and greenhouse gases, resulting in an apparent decrease in 
diurnal temperature range at those stations (Fig. B.25 and B.27), except the stations 
those mentioned in Section 3.3.1.1. 
The general trend of spring and autumn precipitation is decreasing trend. But it is 
significant only in few stations in spring season namely QAIA, Shoubak and Wadi 
Duleil (Fig. B.25 and Fig. B.27). 
In summer season some stations show a slightly insignificantly increasing trends in 
maximum temperature, but significant warming trends appear in many other stations. 
While all stations reveal obvious warming trends in minimum temperatures with 
remarkable significance (Fig. B.26). Accordingly the summer diurnal temperature 
range reveals a clear decreasing significant trend in most stations.  
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3.2.2. Climate variability investigations in selected locations 
Seven stations represent different topographic regimes and various climatic regions 
are selected in order to discuss their local climatic variability and to identification 
climate change, if any. These stations are: Irbed (northwest), Amman Airport (the 
east central Amman City), Jordan University (the west central Amman City), 
Shoubak (from the southern heights), Deir Alla (from the middle part of the Jordan 
Valley), Aqaba (a coastal city from the extreme south) and finally Ruwaished (from 
the eastern desert area) (Fig. B.1). 
Because the parametric linear trend methods require the data to be normally 
distributed it is not suitable to use such methods to detect trends. To reveal the 
advantages of the nonparametric sequential version of the Mann-Kendall trend test, 
which is free from the normal distribution assumption sequential version of the 
Mann-Kendall trend values of precipitation, maximum temperature, minimum 
temperature and diurnal temperature range time series and consequently the linear 
trends of the same time series during the same period are plotted in Figures B.28 
through B.41 respectively.  
3.2.2.1. Trends in Irbed climatological time series 
Fig. B.28 shows that precipitation and maximum temperature exhibit decreasing 
trends, but minimum temperature exhibit a clear increasing trend and consequently 
the daily temperature range reveals an obvious decreasing trend. Since the linear 
trend is not able to detect the beginning of the trends, the Mann-Kendall test 
apparently detects the beginning and end of the trends. Fig. B.29 shows that the 
precipitation in Irbed exhibits a decreasing trend along the whole period (1938 – 
2000). But it is significant in the period 1941 – 1963; another decreasing trend is 
clearly seen beyond the year 1992. 
Maximum temperature time series of Irbed exhibits a general decrease along the 
record period (1955 – 2000), but it is significant beyond the year 1975 (Fig. B.29) 
and the cooling trend becomes less significant beyond the year 1992, that is also can 
be clearly seen from Fig. B.28 by the warm spell in the maximum and minimum 
temperature time series. 
The minimum temperature in Irbed shows an obvious warming trend starting by the 
year 1975, and consequently the daily temperature range reveals an apparent 
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decreasing trend beyond the year 1975. This can be considered as a result of 
urbanization and heat island effect in Irbed, the second largest city in the country. 
3.2.2.2. Trends in Amman Airport climatological time series 
The linear trend shows a slight decrease in Amman precipitation (Fig. B.30). But the 
Mann-Kendall test (Fig. B.31) shows some increasing and decreasing trends in 
various periods but the general pattern of Amman precipitation trend is a slight 
decreasing trend that started by the year 1955 and a further decreasing trend seems to 
take place beyond the year 1992. 
Both maximum and minimum temperatures have a complex behavior; maximum 
temperature has a cooling linear trend (Fig. B.30). But Mann-Kendall test shows 
several cooling and warming trend patterns, the last trend pattern started by the year 
1965 and it seems to be significant cooling trend beyond the year 1982, and a slight 
increasing trend started beyond 1992. Minimum temperature linear trend shows a 
slight increase, but Mann-Kendall test detects several cooling and warming trend 
patterns of which the most important is the warming trend that started by the year 
1975. The diurnal temperature range has a general decreasing that started to be 
significant by the year 1992. 
3.2.2.3. Trends in Jordan University climatological time series 
Linear trend test does not show any trend in Jordan University precipitation time 
series (Fig. B.32); while the sequential version of the Mann-Kendall test detects a 
decreasing trend started by the year 1945, it is significant during the period 1956 – 
1967 and an insignificantly increasing trend beyond the year 1981 (Fig. B.33).  
The general pattern of the maximum temperature trend is warming trend (Fig. B.32). 
It is also clearly seen from Fig. B.33 that the warming trend has started by the year 
1975. Minimum temperature time series has an apparent increasing linear trend and 
the Mann-Kendall test has detected the beginning of this trend by the year 1966. And 
a significant decreasing trend in the daily temperature range time series has been also 
detected by the year 1968.  
Similar to those in Amman Airport and Irbed the last decade of the 20
th
 century 
especially beyond the year 1992 exhibits a warming in maximum temperature and 
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more warming in minimum temperature and consequently decreasing in the diurnal 
temperature range and in precipitation time series at Jordan University. 
3.2.2.4. Trends in Shoubak climatological time series          
Both linear trend and Mann-Kendall trend tests reveal a clear decreasing trend in 
Shoubak precipitation time series (Fig. B.34). The Mann-Kendall test has detected 
the beginning of the trend; it has begun at the year 1946 (Fig. B.35), and it is more 
significant during the period 1954 – 1967. 
Maximum temperature time series shows an obvious linear warming trend. But the 
Mann-Kendall test has detected that trend to start at the year 1972. However, as seen 
from Fig. B.35 the trend is insignificant along the whole time series. No significant 
linear trend has been detected in minimum temperature time series, while Mann-
Kendall test shows an insignificant cooling trend. Consequently the diurnal 
temperature range in Shoubak reveals an increasing trend started by the year 1973 
and became significant gradually beyond the year 1988. The increasing trend of 
diurnal temperature range is contradictory to all other sites, where the range is 
obviously decreasing 
3.2.2.5. Trends in Deir Alla climatological time series 
The precipitation time series shows a slightly increasing linear trend. But the Mann-
Kendall has detected decreasing trends since the beginning of the record up to the 
year 1967 then the precipitation series has a monotonic pattern up to the year 2000 
(Fig. B.36 and Fig. B.37). 
In maximum temperature it is clearly seen that the warming trends started to appear 
beyond the year 1986, but further warming trends in minimum temperature are also 
started to appear since the beginning of the record. From the same figures it is also 
seen that the significantly obvious daily temperature range decreasing trends have 
started by the year 1964. This implies that the days are becoming little bit warmer, 
and the nights are becoming warmer and warmer in the Jordan valley. 
3.2.2.6. Trends in Aqaba climatological time series 
Neither by linear nor by the Mann-Kendall trend test a consistent significant trend in 
Aqaba precipitation time series has been detected (Fig. B.38 and B.39).  
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Maximum temperature reveals an obvious cooling trend along the entire time series. 
While the minimum temperature has an insignificant warming trend that started by 
the year 1975 and consequently the daily temperature range has a decreasing trend 
obviously seems to start with the onset of the record.   
3.2.2.7. Trends in Ruwaished climatological time series  
At Ruwaished, which is a station from the arid area, no significantly consistent trend 
in precipitation time series has been detected. 
A slightly cooling trend in maximum temperature and more significant and apparent 
warming trends have occurred in minimum temperature especially beyond the year 
1976 and consequently a significantly obvious decreasing diurnal temperature range 
trend has been detected especially beyond the year 1970 (Fig. B.40 and B.41). 
3.3. TREND ANALYSIS OF STATISTICAL MOMENTS 
In the previous sections of this study as well as in tens or even hundreds of studies, 
the time series of climatological variables are usually subjected to trend analysis. But 
in this section the sequential version of the Mann-Kendall trend test has been applied 
to the time series of the inter-annual statistical moments (namely mean, coefficient of 
variation, skewness and kurtosis) of the climatological variables. In this new 
approach the sequential Mann-Kendall trend test has been applied to the inter-annual 
mean, coefficient of variation, skewness and kurtosis of maximum temperature, 
minimum temperature, diurnal temperature range and precipitation time series of the 
16 stations that are used in this study in order to identify the variability of the 
statistical moments and consequently of the climatological variables among seasons 
within the year. 
3.3.1. Mann-Kendall Statistics of the Statistical moments of Maximum 
         Temperature 
The sequential version of Mann-Kendall trend statistics of the inter-annual mean, 
standard deviation, coefficient of variation, skewness and kurtosis of maximum 
temperature time series are given in Tab. A.9 and the spatial variations of these 
statistics are illustrated in contouring maps in Fig. B.42. The trends of maximum 
temperature and other climatological variables themselves had been discussed in 
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Section 3.3.1. The maximum temperature shows a significant warming trend in many 
sites but a significant cooling trend has appeared only in Amman.  
The standard deviation is defined as: 
                 
 
N
xx 

2
                                              (3.10) 
Where: 
:  is the standard deviation. 
:x  is the observed value. 
x :       is the mean value. 
N:       is the number of observations. 
The standard deviation measures the degree of variability or dispersion of a variate. 
Therefore the largest is the standard deviation the greater is the departure from the 
mean value. In Equation 3.10 the mean x  and the number of observations N, are 
constant for a particular time series, therefore an increase in the standard deviation 
implies an increase in x  the observed value, and accordingly a higher probability of 
recording extreme values. 
 But to compare the standard deviations of two or more time series the mean values 
of these series should be the same (Şaşmaz, 2002). Since the mean values of the 
climatological time series at different stations are not equal, it is wrong to make 
comparison among them and it is convenient to use a dimensionless magnitude such 
as coefficient of variation.   
The inter-annual coefficient of variation exhibits a general increasing trend in all the 
stations but it is significant in few of them. The highest increasing trends of the 
coefficient of variation are apparent in the southern and eastern arid areas. The large 
coefficient of variation values in this region explains the high probability of 
recording extreme values. Therefore the increasing trend of the coefficient of 
variation emphasizes a higher probability of recording extreme values, which may 
increase the aridity in these regions.  
The inter-annual maximum temperature is negatively skewed, because autumn 
season is 3 – 4°C warmer than spring season. The Mann-Kendall trend values of 
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skewness are around zero (Fig. B.42). Accordingly no important change is expected 
to occur in inter-annual skewness and consequently in inter-annual maximum 
temperature distribution. 
The inter-annual kurtosis coefficient of maximum temperature is generally negative, 
because the distribution has a smaller concentration probability near the mean. The 
Mann-Kendall statistics of inter-annual kurtosis exhibit insignificantly decreasing 
trends. This implies an increase in the inter-annual maximum temperature departures 
from the inter-annual mean value, which can be attributed to the obvious increasing 
of maximum temperature in summer more than in other seasons. 
3.3.2. Mann-Kendall Statistics of the Statistical moments of Minimum 
         Temperature 
The inter-annual minimum temperature reveals increasing trends at most of the sites 
(Fig. B.43). The large inter-annual standard deviation resulting in higher coefficient 
of variation with relatively equal means. The increasing coefficient of variation 
trends implies more inter-annual variability of the minimum temperature, which may 
amplify the minimum temperature difference between the warm part (summer and 
autumn) and the cold part (winter and spring) of the year. The obvious significant 
increase in minimum temperature in summer and autumn versus the slight increase in 
winter and spring may prove this allegation.     
The inter-annual skewness of minimum temperature is very close to symmetric 
normal distribution. The Mann-Kendall trend statistics exhibit an insignificant 
increasing trend in most stations (Fig. B.43) that may increase the concentration of 
probability below the mean, and increases the chance of extreme record occurrences. 
Because of the smaller concentration of probability near the mean, the inter-annual 
kurtosis is platykurtic (negative). And also negative or insignificantly decreasing 
trends of the inter-annual kurtosis coefficient are detected by the Mann-Kendall trend 
test. That means the probability is going to concentrate far away from the mean 
value. This can be attributed by the different rates of increasing minimum 
temperatures during different seasons. 
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3.3.3. Mann-Kendall Statistics of the Statistical moments of diurnal  
         Temperature range 
The inter-annual diurnal temperature range reveals decreasing trends in most of 
stations, which is the natural result of the increasing inter-annual minimum 
temperature and the increasing (but in a smaller rate) of the inter-annual maximum 
temperature. 
Fig. B.44 shows that the inter-annual coefficient of variation of the daily temperature 
range is near zero at all sites except Irbed and Amman in the north and Deir Alla in 
the Jordan Valley. The decreasing coefficient of variation of the daily temperature 
range resulting from the decrease in maximum temperature and the obvious 
significant increase in minimum at the largest two cities of Jordan; Amman and Irbed 
can be attributed by the heat island and urbanization, pollution and greenhouse gases. 
The inter-annual skewness of the diurnal temperature range shows some increasing 
trends (Fig. B.44). The increasing skewness means more concentration of the diurnal 
temperature range near lower values (below the inter-annual mean) that emphasizes 
the decrease of the diurnal temperature range, which is a logic result in the light of 
the previous discussion related to the maximum and minimum temperatures. 
From Fig. B.44 also it is clearly seen that the Mann-Kendall trends of the inter-
annual kurtosis of diurnal temperature range are near zero. But the majority of them 
are insignificantly negative trend values. The decreasing negative kurtosis implies 
less concentration of probability near the mean and consequently a wide band of 
variation of the diurnal temperature range is expected to be enhanced.         
3.3.4. Mann-Kendall Statistics of the Statistical moments of precipitation 
The inter-annual mean of precipitation reveals insignificantly decreasing Mann-
Kendall trends in most stations. But it is significant at 90% level only in Shoubak 
(Fig. B.45). 
No significant trend has been detected in coefficient of variation of the inter-annual 
precipitation, thus the large coefficient of variation of precipitation is expected to 
prevail the eastern and southern parts, and low coefficient of variation of 
precipitation is expected to dominate the high lands. In other words the aridity or 
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drought is expected to remain a characteristic of the southern and eastern regions of 
the country. 
Both skewness and kurtosis of the inter-annual precipitation have not revealed any 
significant Mann-Kendall trend. But there are some decreasing insignificant trends in 
skewness in the central and southern arid regions that probably may increase the 
drought (Şen, 1998) in these regions such as QAIA, Jafr and Rabba. And there are 
some insignificantly increasing trends in skewness that probably may cause extreme 
precipitation and floods in areas such as Wadi Duleil and Jordan University (Fig. 
B.45). 
The kurtosis coefficient of the inter-annual precipitation has the same pattern of 
skewness and the same properties that emphasizes the above explanation for the 
related stations. Because the high kurtosis values coincide to higher positive 
skewness values and the lower or negative kurtosis values coincide to negative 
skewness ones leading to the same influence.  
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CHAPTER FOUR 
CONCLUSION AND RECOMMENDATIONS 
The annual and seasonal spatial and temporal variation of statistical moments such as 
mean, standard deviation, coefficient of variation, skewness and kurtosis of 
precipitation, relative humidity, maximum temperature and minimum temperature 
have been discussed in detail and illustrated in maps. Runs (Swed-Eisenhart) 
homogeneity test is applied to precipitation, maximum temperature, and minimum 
temperature annual and monthly time series of the selected 16 stations for the study. 
Consequent to the homogeneity testing the linear trend test and the sequential version 
of the Mann-Kendall rank trend test have been applied to the available longest data 
in order to detect any trend or climate change in the country. And as a new approach 
the sequential version of the Mann-Kendall rank trend test has been applied to the 
inter-annual mean, coefficient of variation, skewness and kurtosis of maximum 
temperature, minimum temperature, diurnal temperature range and precipitation time 
series. The trends were discussed in annual and seasonal basis. The most important 
conclusions are given in the following sequence: 
 In the light of the annual and seasonal characteristics of the statistical 
moments of precipitation the country has been divided into three evident 
homogeneous precipitation regions (Fig. B.22):   
      i.  The firs region includes the northern heights, western Amman, Irbid and the 
extreme northern Jordan Valley (Baqura). This region has negative or low 
kurtosis and near zero skewness values, with precipitation distribution similar 
to the normal distribution. The total annual rainfall amount in this region is 
400 – 600 mm. The seasonal rainfall distribution is 63%, 23%, and 14% in 
winter, spring and fall respectively. 
      ii.  The second region includes the central part of Jordan (Amman), the southern 
heights (Shoubak and Rabba), the northern Jordan Valley (Deir Alla). This 
region has negative or low kurtosis and low skewness values, with 
precipitation distribution closed to the normal distribution and a temporal 
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rainfall distribution of 63%, 24%, and 12% in winter, spring and fall 
respectively. But this region has a total rainfall amount between 250 – 350 
mm.  
iii. The third region consists of the lower locations among and besides the 
northern and southern heights (QAIA, Wadi Duleil and Mafraq), the eastern 
parts (Safawi and Ruwaished), southern and southeastern parts (Ma‟an and 
Jafr) and southern Jordan Valley that extends to Aqaba. This region has high 
positive skewness and kurtosis values, with a large departure from the normal 
distribution that indicates a high probability of recording extreme rainfall 
values especially in spring and autumn. The seasonal rainfall distribution is 
54%, 25% and 21% in winter, spring and fall seasons respectively. The total 
annual rainfall amount in this region varies from 140 – 170 mm in the central 
west to 70 – 90 mm in the east to 30 – 50 in the south. 
 The coefficient of variation of precipitation varies between 27% and 70%. 
The lower CV values are dominant in areas those are more exposure to 
frontal cyclonic systems passing through the northeastern Mediterranean Sea 
during winter season causing comparatively stable successive precipitation 
occurrences. In the other hand southern and eastern parts of the country are 
more exposed to local instability conditions than synoptic scale precipitation 
events. In some cases rainfall too much greater than the annual average may 
occur in few hours, or even few minutes while in other cases no rain or a very 
little amount of rain may be recorded during successive few years. Annual 
and seasonal coefficient of variation increases toward east and south. This is 
tantamount saying the aridity increases eastward and southward. 
 The annual and seasonal relative humidity shows a unique distribution in 
Jordan. The wettest season is winter and the driest is summer. The annual 
relative humidity varies between 47% and 65%. In despite of its location on 
the northern shores of the Red Sea, Aqaba represents the driest area in the 
country. The highest relative humidity values are seen in the arid sites such as 
QAIA and Mafraq, because of their topographic properties related to the 
major water bodies and the prevailing weather conditions in these areas. 
 Because the temperature is inversely proportional to the elevation, Ras 
Muneef and Shoubak have the coolest days (the annual maximum 
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temperature is less than 20°C) and Jordan valley has the hottest days (the 
annual maximum temperature is more than 30°C). Lowest minimum 
temperatures are experienced in the highest lands, mainly Shoubak and Ras 
Muneef, while the highest minimum temperatures are recorded in Aqaba and 
Jordan Valley. Coefficient of variation values of maximum and minimum 
temperatures are very small. Skewness and kurtosis coefficient values are 
also generally close to zero. This is tantamount saying that the maximum and 
minimum temperatures distribution is very close to the symmetric normal 
distribution. Some exceptional cases occur in stations those experience 
extreme temperatures such as Aqaba for extremely high maximum and 
minimum, Shoubak and Jordan University for extremely low minimum 
temperature. 
The homogeneity of the data has been tested by Swed-Eisenhart runs test and as a 
result it is found that:  
 The annual precipitation time series are homogeneous with 95% confidence 
level.  Maximum and minimum temperature time series are homogeneous 
with 90% confidence level. Accordingly no station has been excluded from 
the study. 
The sequential version of the Mann-Kendall rank trend test has detected some 
climate change signals, such as: 
 The annual maximum temperature has significant warming trends in many 
stations probably due to greenhouse gases and cooling trends in other stations 
but it is significant only in the capital city; Amman, which has an intense 
population, industrial and commercial activities. The maximum temperature 
decrease in Amman is probably attributed to the decrease of irradiance due to 
the increase of cloud cover or due to the aerosols and the cooling gas; SO2.  
 Minimum air temperature is globally increasing; similarly in Jordan it 
exhibits a significant increase in most of the stations. The minimum 
temperature increase is attributed to the increase of pollution, which enhances 
the greenhouse gases, and to the heat island and urbanization effects.  
 The cooling or slightly warming trends in annual maximum temperature with 
accompaniment of the obvious warming trends in the annual minimum 
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temperature resulting in an apparent decrease in the diurnal temperature range 
in the majority of the stations. 
 An inversely behavior has been detected in Baqura, Rabba and Shoubak. In 
these stations maximum temperature reveals a warming trend and minimum 
temperature exhibits a cooling trend resulting in increasing diurnal 
temperature range. This exceptional case deserves more attention and special 
investigations. 
 No significant trends have been detected in annual precipitation except a 
decreasing trend at 95% confidence level in Shoubak. 
 In winter season no significant trends have been detected in precipitation and 
maximum temperature time series. While a general but insignificant warming 
trend in minimum temperature and a general decrease in the diurnal 
temperature range are obvious. 
 In spring, autumn and summer seasons a slight warming is exhibited in 
maximum temperature but the minimum temperature reveals a significant 
apparent warming trend in the majority of the sites resulting in a decreasing 
diurnal temperature range. 
 The general trend in spring and autumn precipitation time series is decreasing 
but it is significant in few sites such as QAIA, Shoubak and Wadi Duleil.  
 The coefficient of variation of inter-annual maximum and minimum 
temperatures reveal obvious increasing trends in the majority of the stations 
while it exhibits an apparent decreasing trend in inter-annual diurnal 
temperature range and a general but not significant decreasing trend has been 
detected in the coefficient of variation of the inter-annual precipitation. 
Skewness and kurtosis of all climatological variables have no significant 
trends. 
 The plot of Mann-Kendall statistics for some stations shows that an evidence 
cooling trend in maximum temperature and an obvious warming in minimum 
temperature have started in the beginning of the decade 1970‟s. This is 
matching to the global issues, where 1980‟s is the warmest decade in the 20th 
century. 
 Another spell of probable climate change is the last decade of the 20th century 
where; a slight decreasing trend in precipitation accompaniment with 
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warming trend in maximum temperature and more significantly warming 
trends in minimum temperature and decreasing daily temperature range are 
obvious beyond the year 1992.        
The natural variability of climate could be as large as the changes have been actually 
observed. In the case of Jordan the data time series are usually too short to define a 
definite long-term climatic trend. But it might be a good indication to a signal of the 
recent climate variability and to the series behaviors.  
These behaviors of climate variability in Jordan could be summarized by the 
statement: “the days are becoming little bit warmer while the nights are becoming 
warmer and warmer in Jordan with accompaniment of slightly decreasing 
precipitation”. 
The following recommendations shed light on the future development of this study 
and related studies: 
 The beginning and end of the real seasons are usually not coincident to the 
meteorological seasons. Therefore it should be more realistic to discuss the 
statistical moments and their variability in monthly basis. 
 Water harvesting projects should be intensified in the eastern and southern 
parts of the country, because of the higher probability recording extreme 
rainfall values by heavy showers of rain in short period of time. 
 In order to detect the real causes of warming in minimum temperature and 
cooling in maximum temperature the cloud cover, sunshine duration, 
evaporation and solar irradiance variability might be the appropriate study in 
the near future. 
 The impacts of increasing temperatures and decreasing diurnal temperature 
range on cooling and heating degree-days in different seasons and 
consequently the energy consumption in the country deserve more attention 
and detailed investigations.  
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      Table A.1: Station information and length of temperature and rainfall records. 
Station Name  
WMO 
St. No. 
Lat.  Long. Elev. 
Rainfall 
Period (years) 
Temperature 
Period (years) 
Amman Airport  40270 31.98  35.98  780  1923-2000 (78) 1923-2000 (78) 
Aqaba Airport  40340 29.55  35.00 51  1946-2000 (55) 1959-2000 (42) 
Baqura  40253 32.63  35.62  -170 1968-2000 (33) 1968-2000 (33) 
Deir Alla 40285 32.22  35.62  -224 1953-2000 (48) 1953-2000 (48) 
Ghor Safi 40296 31.30  35.47  -350 1975-2000 (26) 1975-2000 (26) 
Irbed  40255 32.55  35.85  616  1938-2000 (63) 1955-2000 (46) 
Ma’an       40310 30.17  35.78 1069  1938-2000 (63) 1960-2000 (41) 
Mafraq  40265 32.37  36.25  686  1942-2000 (59) 1960-2000 (41) 
Q. A. I. A  40272 31.72  35.98 722  1952-2000 (49) 1971-2000 (30) 
Rabba  40292 31.27  35.75 920  1952-2000 (49) 1967-2000 (34) 
Ras Muneef 40257 32.37  35.75 1150  1961-2000 (40) 1977-2000 (24) 
Safawi (H5)  40260 32.20  37.13  672  1943-2000 (58) 1964-2000 (37) 
Shoubak  40300 30.52  35.53 1365  1938-2000 (63) 1965-2000 (36) 
Wadi Duleil  40267 32.15  36.28  580  1968-2000 (63) 1968-2000 (33) 
Jordan Univ.  ----- 32.2 35.88  980 1938-2000 (63) 1964-2000 (37) 
Ruwaished(H4)  40250 32.50  38.20  683  1943-2000 (58) 1961-2000 (40) 
Jafr  40305 30.28  36.15 865  1948-2000 (53) 1965-2000 (36) 
Swaileh  40269 32.00  35.90  1050  1981-2000 (20) 1985-2000 (16) 
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                Table A.2: Monthly and yearly Runs (Swed – Eisenhart) homogeneity test values for rainfall data in the stations those selected to 
                                    trend  test Applications. (Values have the sign # are outside the 90% confidence range and according to the test should  
                                    be out of consideration, values have the sign ** are included to the 90% confidence range but outside the 95% confidence 
                                    and the * sign represents the test with only one run due to the lack of occurrence of the data).   
STATION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
Amman Airport  -1.25 0.10 -1.78 1.61 0.13 0.39 0.16 * 0.51 -0.77 -0.99 -1.18 1.30 
Aqaba Airport  -0.75 -0.68 -0.16 -0.17 -0.48 * * * 0.32 0.18 0.33 0.64 0.71 
Baqura  0.76 0.65 0.00 -1.03 -0.29 0.00 * * 0.00 -0.68 0.00 0.47 1.02 
Deir Alla 0.78 0.65 0.00 -0.27 -0.59 0.00 * * 0.32 0.31 1.32 0.00 1.85 
Ghor Safi -0.60 0.64 0.33 -0.12 0.00 * * * 0.84 0.67 0.59 1.35 0.00 
Irbed  -0.61 0.04 0.66 0.57 -1.23 -1.68 * * -0.87 -2.96
# 
1.28 1.33 -0.11 
Ma’an       -1.02 0.32 0.62 -0.86 -1.03 * 0.18 * 0.03 0.53 0.74 -0.77 -0.49 
Mafraq  0.68 2.11** 0.98 -0.06 -1.52 0.60 * * -1.02 -0.58 -0.48 0.51 0.14 
Q. A. I. A  0.03 0.41 -0.51 0.71 0.06 0.00 * * -2.81
# 
0.00 -0.23 -0.02 1.48 
Rabba  0.03 0.25 -0.29 0.00 -0.22 -1.54 * * -2.81
# 
-0.57 -0.54 1.24 2.06** 
Ras Muneef -1.07 -0.43 0.00 -0.02 -0.65 0.28 0.00 * -0.65 -2.04** 0.77 0.94 0.00 
Safawi (H5)  -0.26 0.35 0.48 0.28 -0.45 0.19 * * 0.45 -0.43 -1.82 1.21 1.42 
Shoubak  0.49 1.17 -1.58 0.22 -0.75 0.18 * 0.30 0.30 -0.59 1.67 0.38 0.56 
Wadi Duleil  0.00 0.65 0.09 -0.30 -0.82 0.00 * * -0.46 -0.73 0.00 0.65 -0.31 
Jordan Univ.  -0.89 0.56 -0.54 0.08 -0.29 0.18 0.18 * -1.09 -3.15
# 
1.39 1.22 2.69
# 
Ruwaished (H4)  -0.88 -1.38 -1.40 0.94 -1.72 0.60 * * 0.54 -0.09 -1.09 0.74 1.32 
Jafr  0.17 0.22 2.21** -0.24 -1.46 * * * 0.63 -1.02 0.50 -1.89 -0.58 
Swaileh  -0.19 0.20 0.00 0.00 0.00 0.00 0.00 * -0.57 -0.23 0.00 0.00 0.74 
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                 Table A.3: Monthly and yearly Runs (Swed – Eisenhart) homogeneity test values for maximum temperature data in the stations those are 
                                  selected to trend test applications (Values have the sign # are outside the 90% confidence range and according to the test should  
                                  be out of consideration and values have the sign ** are included to the 90% confidence range but outside the 95% confidence). 
STATION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
Amman Airport  -0.56 -0.11 0.13 1.73 -1.02 -0.39 -1.49 -1.16 -0.31 -1.48 0.36 -0.82 3.51
# 
Aqaba Airport  -1.71 -0.41 0.00 -0.16 -1.09 -0.56 -1.41 -1.72 -0.89 0.80 -1.08 -2.02** -2.76
# 
Baqura  0.41 0.00 0.00 1.22 -0.67 -0.41 -2.04** -2.45** -1.68 -0.66 0.00 0.00 -0.95 
Deir Alla -0.69 0.74 0.00 1.73 -1.57 -1.30 -1.57 -2.11** -0.93 -2.47** 0.20 -0.13 -0.04 
Ghor Safi -1.31 -0.57 1.44 0.32 -1.38 -1.31 -2.20** -0.57 -0.34 -0.20 -1.31 -1.44 -2.95
# 
Irbed  -0.45 0.50 0.46 0.75 -1.64 -2.86
# 
-3.10
# 
-2.20** -1.03 -2.24** 0.68 -1.48 -2.50** 
Ma’an       -1.58 0.10 0.00 0.35 -1.89 0.00 -0.46 -0.60 1.27 -1.58 1.31 0.00 0.00 
Mafraq  0.00 0.22 0.74 1.62 -1.58 -0.63 -2.47** -1.24 -0.95 -2.19** 0.99 0.00 0.63 
Q. A. I. A  0.00 -0.16 0.04 0.56 -1.98** -4.27
# 
-2.04** -2.03** -1.60 -0.93 -0.47 0.56 -1.28 
Rabba  -0.50 -0.52 -0.15 1.24 -1.20 -1.22 -2.05** -1.55 -1.20 0.00 0.00 0.37 -0.52 
Ras Muneef -0.63 -0.18 -0.60 0.34 -0.60 0.21 -3.08
# 
-1.46 0.00 -1.44 0.67 0.24 0.36 
Safawi (H5)  -0.56 -0.33 0.12 1.34 -2.33** -0.33 -2.19** -0.33 0.00 -0.22 0.67 0.04 -1.58 
Shoubak  -0.44 0.00 -0.83 0.17 -2.19** -0.49 -1.12 0.00 -0.35 -0.44 0.70 1.55 -0.49 
Wadi Duleil  -0.70 -0.66 0.50 1.12 -2.12 -1.02 -2.12** -1.76 0.00 -1.38 0.40 0.00 -1.02 
Jordan Univ.  0.00 -0.56 -0.30 0.04 -0.66 0.00 -2.00** -0.63 -0.33 -1.00 -0.46 -0.33 -1.30 
Ruwaished (H4)  -1.43 0.00 0.00 1.84 -1.00 -1.75 -1.66 -0.42 1.20 -1.39 0.00 -1.72 -3.04
# 
Jafr  0.00 -0.31 -0.35 0.28 -1.76 0.36 -1.58 0.50 0.01 0.36 0.14 -1.38 0.36 
Swaileh  -1.29 0.00 0.26 0.26 -1.11 0.56 0.00 -0.20 -0.78 -1.78 -0.56 -0.26 -1.81 
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              Table A.4: Monthly and yearly Runs (Swed – Eisenhart) homogeneity test values for minimum temperature data in the stations those are 
                                  selected to trend test applications. ( values have the sign # are outside the 90% confidence range and according to the test should 
                                  be out of consideration and values have the sign ** are included to the 90% confidence range but outside the 95% confidence). 
STATION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
Amman Airport  -1.28 0.58 0.59 -0.33 -1.72 -4.15
# 
-2.18** -2.15** -2.86
# 
0.74 -2.40** 0.65 -4.21
# 
Aqaba Airport  -0.77 0.85 0.00 0.17 -1.71 0.00 -0.72 -1.99** -1.72 0.30 0.22 0.78 -0.14 
Baqura  -0.66 0.66 -1.38 0.36 -0.35 -2.12** -2.83
# 
0.31 0.01 0.00 0.05 -0.67 -2.12** 
Deir Alla 0.00 0.49 -0.98 0.15 -2.47** -0.13 -1.86 -0.10 -0.73 -0.72 -1.30 0.16 -0.67 
Ghor Safi 0.33 -0.08 0.23 1.15 -0.56 -0.49 -2.13** -2.18** -0.34 0.33 -1.78 0.00 0.00 
Irbed  -0.34 0.50 0.76 0.00 -1.63 -1.34 -2.83
# 
-1.85 -1.90** -0.44 0.00 -0.44 -0.10 
Ma’an       -0.28 -0.95 0.64 0.64 -0.22 -1.58 -1.89 0.13 -0.13 -0.22 0.35 -0.60 -0.46 
Mafraq  -0.87 0.04 0.42 2.32** -0.92 -2.84
# 
-2.66
# 
-0.87 -2.79
# 
0.10 0.00 -1.26 -1.26 
Q. A. I. A  -0.91 -0.58 0.29 0.00 -1.51 -0.54 -1.28 -0.47 -1.22 -0.35 -2.04** -1.12 -1.30 
Rabba  -1.92 -1.55 -1.52 0.00 -1.55 -1.90 -1.90 0.61 -1.86 0.26 -0.45 -0.17 -1.90 
Ras Muneef -0.60 -0.21 -0.63 1.22 -1.02 -1.04 -0.78 0.24 0.00 -0.50 0.00 1.22 -1.02 
Safawi (H5)  -1.33 -0.12 0.01 0.92 -1.33 -1.66 -2.19** -1.66 -1.00 0.60 -0.33 -1.24 -1.64 
Shoubak  -0.17 0.00 -0.70 1.55 0.00 -1.86 -1.39 -1.04 -1.74 1.62 0.00 0.53 -0.49 
Wadi Duleil  -0.70 -1.67 -1.94 2.13** -1.74 0.00 -2.70
# 
-2.47** -0.68 1.78 -0.35 -0.48 0.61 
Jordan Univ.  0.00 0.00 0.67 1.05 -0.63 -2.60
# 
-2.98
#
 -2.31** -2.54** -1.33 -1.00 -0.30 -3.32
# 
Ruwaished (H4)  -1.00 -1.00 1.76 0.80 -1.66 0.00 -1.98** -1.44 -0.80 0.00 0.50 -0.34 -2.08** 
Jafr  -1.06 0.14 0.76 0.01 -2.83
# 
-2.69
# 
-1.76 -1.38 -3.49
# 
0.00 -1.02 -0.28 -2.83
# 
Swaileh  0.20 0.00 0.00 0.33 -1.25 1.38 -1.11 -0.26 -0.20 -0.72 -0.56 -0.72 -0.84 
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           Table A.5: Annual and seasonal trends in maximum temperature. (* sign 
                             indicates significant trends at the 5% level and ** sign indicates  
                             significant trends at the 1% level).  
Station Yearly Winter Spring Summer Autumn 
Amman -2.03* -0.22 -1.76 -0.88 -3.39** 
Aqaba -1.64 -2.56** -1.01 -1.07 -1.16 
Baqura 2.27* 0.42 1.3 2.66** 1.95 
Deir Alla -0.62 -0.93 0.21 -1.24 -1.24 
Irbed -1.66 -0.53 -0.99 -1.79 -0.98 
Ma’an -0.29 -0.86 0.07 -0.43 -0.36 
Mafraq 0.81 -0.07 0.76 0.43 0.07 
Q.A.I.A 4.37** 1.54 2.62** 4.76** 2.55** 
Rabba 1.73 0.4 0.7 2.06* 2.27* 
Safawi 3.09** 0.65 2.33* 3.35** 1.54 
Shoubaq 2.12* 0.18 1.33 2.26* 2.45* 
Wadi Duleil 3.16** 0.62 1.67 3.72** 1.21 
Jordan Univ. 1.46 0.38 1.73 1.67 0.86 
Ruwaished -0.4 -1.1 -0.23 0.21 -0.75 
Jafr 0.87 -0.39 0.74 1.24 1.02 
 
          Table A.6: Annual and seasonal trends in minimum temperature. (* sign 
                           indicates significant trends at the 5% level and ** sign indicates  
                           significant trends at the 1% level).  
Station Yearly Winter Spring Summer Autumn 
Amman 1.58 -0.7 1.18 3.29** 0.69 
Aqaba 0.99 -0.79 1.14 2.22* 1.59 
Baqura -1.08 -0.91 -1.46 1.3 -0.19 
Deir Alla 4.28** 2.25* 3.2** 4.59** 3.4** 
Irbed 1.87 -0.55 2.05* 2.57** 2* 
Ma’an 1.59 -0.77 1.03 1.91 1.24 
Mafraq 2.63** 0.33 1.19 3.35** 2.34* 
Q.A.I.A 4.01** 1.65 2.05* 4.55** 3.84** 
Rabba -1.58 -2* -1.78 0.3 -0.98 
Safawi 2.43* -0.03 1.07 2.48* 1.99 
Shoubaq 0.19 -0.58 -0.41 2.04* 0.22 
Wadi Duleil 2.82** 0.19 0.03 4.18** 2.63** 
Jordan Univ. 4.13** 1.53 2.72** 4.92** 3.69** 
Ruwaished 3.47** 0.21 2.73** 4.78** 2.61** 
Jafr 4.77** 2.63** 2.91** 4.77** 4** 
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          Table A.7: Annual and seasonal trends in diurnal temperature range. (* sign 
                             indicates significant trends at the 5% level and ** sign indicates  
                             significant trends at the 1% level).  
Station Yearly Winter Spring Summer Autumn 
Amman -3.52** 0.04 -2.97** -4.53** -3.79** 
Aqaba -4.76** -3.3** -2.33* -4.65** -4.48** 
Baqura 3.22** 2.63** 2.67** 1.55 2.63** 
Deir Alla -3.75** -3** -2.06* -4.28** -4.32** 
Irbed -3.91** -0.65 -2.32* -4.19** -2.68** 
Ma’an -2.38* -0.72 -0.99 -2.94** -2.45* 
Mafraq -1.68 -0.33 -0.29 -1.64 -1.95 
Q.A.I.A 0.2 0.34 0.91 1.73 -2.16* 
Rabba 1.62 0.9 1.7 1.05 2.12* 
Safawi 1.91 0.71 2.01* 2.2* -0.31 
Shoubaq 3.51** 1.35 2.21* 1.28 2.64** 
Wadi Duleil 0.87 -0.1 1.7 1.55 -0.81 
Jordan Univ. -3.35** -1.61 -1.94 -3.85** -3.01** 
Ruwaished -3.54** -2.02* -2.12* -3.75** -2.63** 
Jafr -3.41** -2.89** -2.97** -4.06** -2.14* 
 
            Table A.8: Annual and seasonal trends in precipitation. (* sign indicates  
                             significant trends at the 5% level and ** sign indicates significant  
                             trends at the 1% level).  
Station Yearly Winter Spring Summer Autumn 
Amman -0.97 -1.57 0.4 0 -0.51 
Aqaba 0.38 -0.54 -0.25 0 -0.01 
Baqura 0.25 0.26 -1.12 0 -0.22 
Deir Alla 0.04 0.23 -1.08 0 0.25 
Irbed -1.16 -0.55 -0.6 0 -0.94 
Ma’an 0.17 0.31 -0.69 0 -1.06 
Mafraq 
-1.09 -0.98 -0.72 0 -1.43 
Q.A.I.A -1.69 -1.39 -2.07* 0 -1.02 
Rabba 0.07 0.53 0.26 0 -1.07 
Ras Muneef -0.26 -0.74 -0.4 0 0.47 
Safawi -0.33 0 -0.69 0 1.23 
Shoubaq -2.2* -0.93 -2.25* 0 -0.69 
Wadi Duleil -0.71 0.75 -2.39* 0 -0.68 
Jordan Univ. -0.15 0.3 -0.49 0 -0.36 
Ruwaished 0.72 0.96 -1.07 0 1.19 
Jafr 0.97 -0.13 0.44 0 -0.09 
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Table A.9: Mann-Kendall trend values of maximum temperature statistical moments. 
                   (* sign indicates significant trends at the 5% level and ** sign indicates  
                   significant trends at the 1% level).  
Station      long.   Lat.    Mean       SD     CV     Skew    Kurt    
 Amman       35.98   31.98   -2.03*    .07    1.07    1.65   -1.00 
 Aqaba       35.00   29.55   -1.70    2.83**  3.20**  -.47   -1.05 
 Baqura      35.62   32.63    1.89    1.27     .87    1.21   -1.15 
 Deir Alla   35.62   32.22    -.62    1.46    1.35    -.44    -.25 
 Irbed       35.85   32.55   -1.69     .12     .73    -.46    -.41 
 Ma’an       35.78   30.17    -.34    2.94**  2.52**  -.72    -.43 
 Mafraq      36.25   32.37     .81    2.34*   1.71     .25    -.70 
 QAIA        35.98   31.72    4.37**  3.12**  1.30    1.55    -.80 
 Rabba       35.75   31.27    1.68    2.15*    .79     .55    -.28 
 Safawi      37.13   32.20    3.09**  3.27**   .97     .52   -1.62 
 Shoubak     35.53   30.52    2.10*   3.11**  1.36     .25   -1.17 
 Wadi Duleil 36.28   32.15    3.16**  3.04**  1.43    1.49   -1.36 
 Jord. Univ. 35.88   32.20    1.46    2.20*    .99     .47    -.65 
 Ruwaished   38.20   32.50    -.44    2.87**  2.42*   -.37   -1.30 
 Jafr        36.15   30.28     .84    2.45*   1.64    -.62    -.59 
 
Table A.10: Mann-Kendall trend values of minimum temperature statistical moments.  
                     (* sign indicates significant trends at the 5% level and ** sign indicates  
                     significant trends at the 1% level).  
Station      long.    Lat.     Mean     SD     CV    Skew   Kurt    
 Amman       35.98   31.98    1.57    4.85**  2.45*  0.73   0.44 
 Aqaba       35.00   29.55     .94    3.65**  2.33*  -.14   -.64 
 Baqura      35.62   32.63   -1.08    2.51**  1.98*   .28   1.70 
 Deir Alla   35.62   32.22    4.28**  2.22*   -.23   -.23    .20 
 Irbed       35.85   32.55    1.83    3.99**  1.18   -.80   -.84 
 Ma’an       35.78   30.17    1.57    4.27**  1.28    .20   -.13 
 Mafraq      36.25   32.37    2.58**  3.80**   .31    .02   -.11 
 QAIA        35.98   31.72    4.01**  3.87** -1.20   -.27   -.91 
 Rabba       35.75   31.27   -1.24    3.82**  3.33** 1.54   -.47 
 Safawi      37.13   32.20    2.43*   3.56**   .68    .37  -1.05 
 Shoubak     35.53   30.52     .16    4.39**  1.39    .63   -.65 
 Wadi Duleil 36.28   32.15    2.82**  3.25**   .53   1.30   -.74 
 Jord. Univ. 35.88   32.20    4.13**  4.66** -1.20    .99  -1.28 
 Ruwashed    38.20   32.50    3.45**  4.64**   .58    .19   -.65 
 Jafr        36.15   30.28    4.77**  3.13** -2.08*   .56  -1.30 
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Table A.11: Mann-Kendall trend values of diurnal temperature range statistical moments.  
                     (* sign indicates significant trends at the 5% level and ** sign  indicates    
                      significant trends at the 1% level). 
Station      Long.   Lat.     Mean     SD      CV     Skew.  Kurt.  
 Amman       35.98   31.98   -3.52** -4.84** -3.55**  1.20    -.16 
 Aqaba       35.00   29.55   -4.80**  -.96     .51     .57   -1.03 
 Baqura      35.62   32.63    3.22**  -.28    -.90    2.05*    .37 
 Dir Alla    35.62   32.22   -3.77**   .62    2.93**  1.97    -.62 
 Irbed       35.85   32.55   -3.91** -2.91** -2.05*    .84    -.31 
 Ma’an       35.78   30.17   -2.38*   -.27     .40    -.43     .13 
 Mafraq      36.25   32.37   -1.68     .02    .58     .61     -.65 
 QAIA        35.98   31.72     .20     .98     .84    1.12   -1.27 
 Rabba       35.75   31.27    1.62    -.67   -1.02    -.90     .22 
 Safawi      37.13   32.20    1.88     .21    -.31     .31    -.89 
 Shoubak     35.53   30.52    3.49**  1.44     .65     .95   -1.47 
 Wadi Duleil 36.28   32.15     .84     .68     .81     .71    -.96 
 Jord. Univ. 35.88   32.20   -3.40**  -.68     .21    1.44    -.71 
 Ruwaished   38.20   32.50   -3.54**  -.86     .47   -1.33     .40 
 Jafr        36.15   30.28   -3.41**  -.56     .46    -.43    -.09 
Table A.12: Mann-Kendall trend values of precipitation statistical moments. (* sign indicates  
                    significant trends at the 5% level and ** sign indicates significant trends at the 
                    1% level). 
Station      long.    Lat.     Mean     SD     CV    Skew   Kurt    
 Amman       35.98   31.98   -0.98   –1.02     .14     -.7     .03 
 Aqaba       35.00   29.55     .38     .50     .04     .17     .30 
 Baqura      35.62   32.63     .25     .15    -.22    -.43    -.65 
 Deir Alla   35.62   32.22     .04    -.39    1.16    1.08     .76 
 Irbed       35.85   32.55   -1.16   -1.10    -.93    -.46    -.61 
 Ma’an       35.78   30.17     .17     .27     .30     .43     .52 
 Mafraq      36.25   32.37   -1.12    -.92     .97     .58     .63 
 QAIA        35.98   31.72   -1.69   -2.83** -1.47   -1.60   -1.60 
 Rabba       35.75   31.27     .07    -.59   -1.16   -1.29   -1.31 
 Ras Muneef  35.75   32.37    -.26    -.09    -.35    -.02     .21 
 Safawi      37.13   32.20    -.33    -.10    -.03    -.09    -.19 
 Shoubak     35.53   30.52   -2.20*  -2.35*    .47     .15     .04 
 Wadi Duleil 36.28   32.15    -.74     .06    2.01*   1.52    1.52 
 Jord. Univ. 35.88   32.20    -.15    -.08     .62     .88    1.09 
 Ruwaished   38.20   32.50     .72    1.09     .57     .22     .22 
 Jafr        36.15   30.28    1.00     .81   -1.27    -.74    -.66 
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Figure B.1: Selected meteorological stations and their elevations (meter above MSL).  
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Figure B.2: Annual rainfall amount, coefficient of variation, skewness and kurtosis.  
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Figure B.3: Winter seasonal average of rainfall, coefficient of variation, skewness  
                   and kurtosis. 
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Figure B.4: Spring seasonal average of rainfall, coefficient of variation, skewness  
                  and kurtosis. 
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Figure B.5: Summer seasonal average of rainfall, coefficient of variation, skewness  
                  and kurtosis. 
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Figure B.6: Autumn seasonal average of rainfall, coefficient of variation, skewness  
                  and kurtosis. 
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Figure B.7: Annual mean, coefficient of variation, skewness and kurtosis of relative 
                   humidity. 
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Figure B.8: Seasonal average, coefficient of variation, skewness and kurtosis of  
                   winter season relative humidity. 
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Figure B.9: Seasonal average, coefficient of variation, skewness and kurtosis of  
                   spring season relative humidity. 
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Figure B.10: Seasonal average, coefficient of variation, skewness and kurtosis of  
                  summer season relative humidity. 
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Figure B.11: Seasonal average, coefficient of variation, skewness and kurtosis of  
                  autumn season relative humidity. 
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Figure B.12: Annual mean, coefficient of variation, skewness and kurtosis of  
                    maximum temperature. 
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Figure B.13: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    maximum temperature for winter season. 
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Figure B.14: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    maximum temperature for spring season. 
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Figure B.15: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    maximum temperature for summer season. 
35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0
29.0
29.5
30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
Seasonal average (°C )
 35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0
29.0
29.5
30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
C oeffic ient o f varia tion (% )
 
35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0
29.0
29.5
30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
Skew ness
 35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0
29.0
29.5
30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
Kurtosis
 
71 
 
 
 
 
 
                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.16: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    maximum temperature for autumn season. 
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Figure B.17: Annual mean, coefficient of variation, skewness and kurtosis of  
                    minimum temperature. 
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Figure B.18: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    minimum temperature for winter season. 
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Figure B.19: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    minimum temperature for spring season. 
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Figure B.20: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    minimum temperature for summer season. 
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Figure B.21: Seasonal average, coefficient of variation, skewness and kurtosis of  
                    minimum temperature for autumn season. 
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Figure B.22: Homogeneous precipitation regions in Jordan. 
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Figure B.23: Mann-Kendall statistics of annual maximum and minimum 
temperatures, daily temperature range and rainfall. Dot and gray shading mark 
regions of cooling and warming (decreasing and increasing trends for temperature 
range and rainfall) respectively, with a significant occurrence (95% level).                                      
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Figure B.24: Seasonal Mann-Kendall statistics of winter maximum and minimum 
temperatures, daily temperature range and rainfall. Dot and gray shading mark 
regions of cooling and warming (decreasing and increasing trends for temperature 
range and rainfall) respectively, with a significant occurrence (95% level). 
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Figure B.25: Seasonal Mann-Kendall statistics of spring maximum and minimum 
temperatures, daily temperature range and rainfall. Dot and gray shading mark 
regions of cooling and warming (decreasing and increasing trends for temperature 
range and rainfall) respectively, with a significant occurrence (95% level). 
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Figure B.26: Seasonal Mann-Kendall statistics of summer maximum and minimum 
temperatures, and daily temperature range. Dot and gray shading mark regions of 
cooling and warming (decreasing and increasing trends for temperature range) 
respectively, with a significant occurrence (95% level). Summer season rainfall is 
approximately zero in all stations so that the trends are zero. Accordingly no trend 
map can be produced. 
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Figure B.27: Seasonal Mann-Kendall statistics of autumn maximum and minimum 
temperatures, daily temperature range and rainfall. Dot and gray shading mark 
regions of cooling and warming (decreasing and increasing trends for temperature 
range and rainfall) respectively, with a significant occurrence (95% level). 
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Figure B.28: Linear trends of mean annual rainfall amount (mm), maximum and 
minimum temperatures and daily temperature range (°C) in Irbed. Solid straight line 
marks the mean value and dashed line marks the linear trend line of the time series. 
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Figure B.29: The sequential version of the Mann-Kendall trend test of Irbed 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1946–2000 and 1955–2000 for precipitation and 
temperature respectively.  
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Figure B.30: Linear trends of mean annual rainfall amount (mm), maximum and 
minimum temperatures and daily temperature range (°C) in Amman. Solid straight 
line marks the mean value and dashed line marks the linear trend line of the time 
series. 
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Figure B.31: The sequential version of the Mann-Kendall trend test of Amman 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1924–2000.   
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Figure B.32: Linear trends of mean annual rainfall amount (mm), maximum and minimum 
temperatures and daily temperature range (°C) in Jordan University. Solid straight line marks 
the mean value and dashed line marks the linear trend line of the time series.
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Figure B.33: The sequential version of the Mann-Kendall trend test of Jordan 
University precipitation, maximum and minimum temperatures and daily 
temperature range (DTR) time series for the period 1938–2000 and 1964–2000 for 
precipitation and temperature respectively.   
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Figure B.34: Linear trends of mean annual rainfall amount (mm), maximum and minimum 
temperatures and daily temperature range (°C) in Shoubak. Solid straight line marks the 
mean value and dashed line marks the linear trend line of the time series.  
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Figure B.35: The sequential version of the Mann-Kendall trend test of Shoubak 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1938–2000 and 1965–2000 for precipitation and 
temperature respectively.   
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Figure B.36: Linear trends of mean annual rainfall amount (mm), maximum and minimum 
temperatures and daily temperature range (°C) in Deir Alla. Solid straight line marks the 
mean value and dashed line marks the linear trend line of the time series.
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Figure B.37: The sequential version of the Mann-Kendall trend test of Deir Alla 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1953–2000. 
 
  
93 
 
 
 
         Year
2000
1995
1990
1985
1980
1975
1970
1965
1960
1955
1950
1945
M
ea
n 
an
nu
al
 ra
in
fa
ll 
am
ou
nt
100
80
60
40
20
0
 
         years
2000
1995
1990
1985
1980
1975
1970
1965
1960
1955
M
ea
n 
an
nu
al
 m
ax
im
um
 te
m
pe
ra
tu
re
33.0
32.0
31.0
30.0
29.0
 
         Years
2000
1995
1990
1985
1980
1975
1970
1965
1960
1955
M
ea
n 
an
nu
al
 m
in
im
um
 te
m
pe
ra
tu
re
19.0
18.0
17.0
16.0
 
         Years
2000
1995
1990
1985
1980
1975
1970
1965
1960
1955
An
nu
al
 a
ve
ra
ge
 o
f d
ai
ly 
te
m
pe
ra
tu
re
 ra
ng
e 15.0
14.0
13.0
12.0
11.0
 
Figure B.38: Linear trends of mean annual rainfall amount (mm), maximum and minimum 
temperatures and daily temperature range (°C) in Aqaba. Solid straight line marks the mean 
value and dashed line marks the linear trend line of the time series. 
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Figure B.39: The sequential version of the Mann-Kendall trend test of Aqaba 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1946–2000 and 1959–2000 for precipitation and 
temperature respectively.   
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Figure B.40: Linear trends of mean annual rainfall amount (mm), maximum and minimum 
temperatures and daily temperature range (°C) in Ruwaished. Solid straight line marks the 
mean value and dashed line marks the linear trend line of the time series. 
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Figure B.41: The sequential version of the Mann-Kendall trend test of Ruwaished 
precipitation, maximum and minimum temperatures and daily temperature range 
(DTR) time series for the period 1943–2000 and 1961–2000 for precipitation and 
temperature respectively.  
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Figure B.42: Mann-Kendall statistics of interannual maximum temperature statistical    
moment. Dot and gray shading mark regions of decreasing and increasing trends 
respectively, with a significant occurrence (95% level).   
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Figure B.43: Mann-Kendall statistics of interannual minimum temperature statistical    
moment. Dot and gray shading mark regions of decreasing and increasing trends 
respectively, with a significant occurrence (95% level).   
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Figure B.44: Mann-Kendall statistics of interannual diurnal temperature range 
statistical moment. Dot and gray shading mark regions of decreasing and increasing 
trends respectively, with a significant occurrence (95% level). 
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Figure B.45: Mann-Kendall statistics of interannual precipitation statistical moment. 
Dot and gray shading mark regions of decreasing and increasing trends respectively, 
with a significant occurrence (95% level). 
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